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THE DEPARTMENTS OF AGRICULTURE IN INDIA. 

By F. G. sly, i.c,s,, 

O^g. Inspector^General of Agriculture in India, 

Foe administrative purposes British India is divided into provinces 
each with a Government of its own enjoying varying degrees of independ- 
onee. The supreme authority in India is exercised by the Governor- 
General in fJouncil, constituting an Imperial Government, or the Govern- 
ment of India as it is usually termed, to distinguish it from the separate 
Provincial Governments. With the Viceroy and Governor-General at 
its head, the executive council of the Government of India is composed 
of official members, who divide amongst themselves the control of the 
chief departments of State, the actual administration of which rests with 
the Provincial Governments. The organization of the Departments of 
Agriculture in India has naturally followed this main division of its general 
administration into Imperial and Provincial Departments. 

Leaving aside spasmodic efforts made by the East India Company and 
the Government of India on isolated occasions, for special purposes, such as 
the cotton experiments of 1840 and the establishment of the tea industry 
in 1835-55, the policy of creating a special department to investigate the 
general conditions of agriculture was first recommended by the Commission 
appointed to inquire into the Bengal and Orissa Famine of 1866. This 
resulted in a scheme for the formation of a new department ‘ to take 
cognizance of all matters affecting the practical improvement and develop- 
ment of the agricultural resources of the country ^ which should consist 
of a separate department under the control of an official Director in each 
province, upon whom would devolve ‘the real work of studying and improving 
agriculture,’ and of a central Imperial Department of the Government of 


* Tliis historical summary is compiled from Government of India Resolution, No. 3 -S 7-215 

dated the 20th March 1897, and Chapter I, Voeickers * ** Improvement of Indian Agriculture/® 
to which rea<.lers ilesirous of more detailed information are referred. 
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DEPARTMENTS OF: AGRICULTURE IN INDIA. 


liidifi to guide <i!id control the work of the. Provincial .Departiiieiits® A now 
branch of the Imperial Gove rnraent was thus formed in 1871, but with the 
exception of the creation in 1875 ot a Provincial Department in the hloi th- 
West Provinces (now the United Provinces), there was a lack of provincial 
co-operation, with the result that the Imperial Departiiient was abolished 
in 1879, during a time of great financial stress. 

A second start was made as the result ot the recomiiiendations 
in the Famine Commission Report of 1880. An Imperial Department 
of Land Revenue and Agrienlture was again created in 1881, iollowecl 
by the organization in each province of a Provincial Department <>1 
Land Records and Agriculture nnder a Civilian Director. The duties 
were defined as ^agricultural inquiry^ agricultural improvement and janvnt 
relief? For many years the work was almost wholk confined to the 
first and third duties. Most attention was given to the improvement ot the 
system of the assessment and collection of the revenue levied by Govern- 
ment upon the land. The energies of Ihe departments, both Imperial am! 
Provincial, were also absorbed in measures for the improvement of the 
Land Records branch, which includes the collection and examination of 


annual statistics of the important agricultural and ecoiioinic facts of each 
village, district and province. A machinery for the continuous collection of 
facts concerning the agriculture of the country was thus organised, which is 
second to that of no other country in the world. Annual statistics are pub- 
lished showing the area cultivated, fallow and waste ; the area under irriga- 
tion ; the area under each important crop ; the number of live stock, ploughs 
and carts ; the incidence of the land revenue on area and population ; 
the transfers of land by proprietors and tenants ; estimates of the yield cd' 
important crops, and the like. The necessity for the utilization of t\w 
facts and statistics obtained from the Land Records has always been 
borne in mind. It is the Director’s duty to act as intelligence officer to the 
Government, to advise how agriculture may be maintained at the highest 
attainable standard of efficiency, and how deterioration may be prevented as 
well as improvement attained. A continuous analysis of all the information 
should be made to see what are the agricultural defects, and how they cun 
be remedied ; to give prompt and continuous information of oceasionai 
failures due to unforeseen calamities, such as hail, frost and the like ; to 
ascertain general failures or deterioration of the prosperity of the tract 
due to general causes, such as interference of the drainage by railways or 
canals, spiead of noxious weeds, cattle murrains and the like ; to im|uire 
ixxio persistent failures to reach the highest standard due to persistent causes 
or defects, such as precariousness of the rainfall, want of irrigation, plant 
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diseases and blights, saline efflorescence and the like. In short, a continuous 
agricnltural analysis should be made to throw light on all agricnltaral 
matters and the possibilities of improving the resources of the country. 

In carrying out the duty of “famine relief,” the first step was the pub- 
lication of codes detailing the principles and measures to be followed in the 
relief by the State, of distress caused by fomine. The duty of Provincial 
Departments is not only to provide the administration responsible for dealing 
with famine with the fullest information regarding the condition of every 
agricultural tract and its people, but also in seasons of scarcity to give 
prompt and continuous intelligence of the state of every village, and to assist 
in the actual work of relief. 

The remaining duty of “agricultural improvement” was, however, 
postponed, until the organization of the Land Records system was sufficiently 
advanced to furnish facts on which it could be based. The Provincial 
Departments were unable to make much progress mainly because they were 
not given a staflp of specialists skilled in agriculture and its allied sciences. 
A few experiment stations and model farms were established in some 
provinces, but these progressed slowly in the absence of skilled supervision. 
The Provinces of Bombay and Madras took the lead by employing expert 
agriculturists. Some advance was also made in agricultural education by the 
establishment of Agricultural Colleges at Poona (Bombay) and Saidapet 
(Madras), and Agricultural Schools at Nagpur (Central Provinces), Cawnpore 
(United Provinces) and Sibpur (Bengal). The professorial staff at all these 
Institutions was, and is, inadequate, so that their influence on agricultural 
improvement has been small. Their main result has been to turn out 
students with some knowledge of agriculture, who have mostly been absorbed 
into the several branches of Grovernment Revenue administration. 

An important step forward was made in 1889 by the deputation to India 
of Dr. J. A. Voeicker, PH. m, b.a., b.sc., f.i.o., &c., Consulting Chemist to 
the Royal Agricultural Society of England, to inquire into and advise upon 
the improvement of Indian Agriculture by scientific and other means. 
He remained in India from December 1889 to January 1891, visiting all its 
provinces, except Burma, and his report submitted in 1893, entitled'^' “ The 
Improvement of Indian Agriculture” is still the standard, if not the only 
general work on the subject. It is impossible in this short article to give even 
a summary of the many important recommendations made b}^ Dr. Voeicker. 
Suffice it to say that he pressed for the organization of a department, whose 


- The improvement of Indian Agriculture ” by J. A, Voeicker, Snd eflition, piildished at 
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niain duty would bo tbo appliG<itioii of' sciodgo to Inciiuii Agriciiitiiro. Tiio 
immediate outcome of Dr« Voelcker’s visit was tbe appoiiitiiieiit of an Agri- 
cultural Chemist (with an assistant) in 1892, whose main duty was to be 
the professional adviser of Provincial Departments. 

From this modest beginning the organization of the Imperial ant! Provin- 
cial Departments of Agriculture has made rapid progress during recent years. 
The Provincial Departments have employed additional exjjerts, and have 
opened additional experiment stations. The Imperial Department was 
strengthened in March 1901 by the appointment of a Cryptogamic Botanist, 
for the investigation of life in the soil in general, and fungus diseases of 
plants in particular. In October 1901 an Inspector-General of Agriculture 
was appointed to be the head of the Imperial Scientific Staff and the Princi- 
pal Scientific Adviser of the Provincial Departments. An Entomologist was 
added to his staff in 1903. A most important development occurred in 1903. 
when the Government of India sanctioned the formation oi‘ an Imperial 
Agricultural Research Station, which includes fully equipped lahoratori(‘> 
for research work, an experimental farm, a Higher Agricultural (k)l!ege am! 
a cattle-breeding farm. This Institute is located on a Govermnent estafc 
of 1,358 acres, situated at Piisa in Behar, the most thickly po|>nlateif 
agricultural tract of the Bengal Presidency, which will be the head quarters 
of the Imperial Scientific Staff. A full staff of European specialists with 
native assistants has been engaged. Apart from the value of the estate, 
the buildings now in progress will cost some 16^ lakhs of rupees t :£110,00(^), 
towards which has been applied a portion of the munificent donation oi‘ £30,0(10 
made by Mr. Phipps, an American gentleman, who during a visit to India 
placed this gift at the disposal of His Excellency the Viceroy Lord (Hir/am. 
The main building will include fully equipped laboratories for all the s|H>{‘ial- 
ists, herbarium, museum and library, together with hall, lecture rooms ami 
laboratories for the students of the College. The farm will provide experi- 
mental cultivation for the research work, and practical training ibr the 
students ; it is hoped that it will serve as a modal for similar stations tnultu' 
Provincial Departments. The Agricultural College, with a full staff of 
professors and assistants, will provide a specialisefl post-graduate agricuitura! 
education, in the hope that the best of the native students will be ultimately 
fit for the higher appointments in the Agricultural Deparbnents. It will also 
provide men with a good agricultural education for employment in the 
regular Government services, and by laud owners as estate agents and the 
like. It is estimated that the College will be ready to start work about the 
end of 1907. ^ The cattle farm is intended to provide a'supply of good bulls 
for distribution to the adjoining tracts of Bengal, for the improvement of 
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the indigenous breed of cattle. It is thus intended that the expert staff of 
the Piisa Institute shall conduct higher lines of research work, applicable 
to all India and bejoiid the capacity of Provincial Departments, guide and 
assist the provincia] experts in their several branches, train joiiiig scientists 
for fiiture employment as provincial experts, and be the professors of the 
higher grade Agricultural College for all India. 

A further opportunity for the co-oi’dinatioii of the work of the Imperial 
and Provincial Departments, is afforded by the annual meeting at Pusa of the 
Board of Agriculture, which is attended by the Inspector-General of Agricul- 
ture and the Imperial staff, by the Provincial Directors and their staff’s, and 
by the Inspector-General, Civil Veterinary Department, Director of the 
Botanical Survey and Director of Public Instruction, Bengal This Board, 
presided over by the Inspector-General of Agriculture, discusses the pro- 
grammes of the Imperial and Provincial Departments, and advises Govern- 
ment as to the action that should be taken for the improvement of Indian 
Agriculture. 

The present constitution of the Imperial and Provincial Departments 
of Agriculture is shown in the table given at the end of this article. The 
Provincial Departments of Agriculture also include a Veterinary branch, 
which consists of one or more fully qualified officers (designated Superinten- 
dent, Civil Veterinary Department) with European degrees in veterinary 
science, and a large native staff of veterinary inspectors and assistants. 
Their principal duties are the investigation, prevention and cure of cattle 
disease, and the improvement of the breeds of cattle. There are numerous 
veterinary dispensaries in the towns, and much peripatetic work is done in the 
villages. Several cattle breeding farms have recently been started. There 
are also Veterinary Colleges at Lahore, Bombay, Madras and Calcutta, and 
schools in some other provinces. Whilst the provincial yeterinax-y work 
is under the control of the Director of Agriculture, the Imperial branch of 
the Civil Veterinary Department is separate from the Imperial Department 
of iigriculture, being managed by a separate Inspector-General. The 
scientific staff’ of the bacteriological laboratories o£ Miikhteswar and Bareilly, 
which are under the control of the Inspector- General, Civil Veterinary Depaj-t- 
raent, investigate the etiology of the important bacterial cattle diseases. 

Mention may bo made of some other State Departments wliich are 
separate in India, but are included in the Department of Agriculture of 
some countries. The great irrigation works of Government are managed 
by a branch of the Public Works Department. There are Imperial and 
Provincial Departments of Meteorology, which maintain observing stations 
(including solar, magnetic and astronomical observatories) for the supply of 
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iDl'ormatioi} cojicerBing weather conditions and prospects. A J'oranic^al 
Survey of Irnlia lias been in progress for many years under th<‘ Dii-ector of 
the Botanical Survey with the assistance of Botanical Officers. This work is 
largely confined to systematic liotany dealing more with the colit*Gtiiig, 
arranging and identification of species and varieties ot jdants than with their 
economic and agricultural uses. The commercial products of India. ar(‘ 
investigated by the department under the Reporter on Econoniic Pro- 
ducts ; the Dictionary of the Economic Products of India" is the achieve- 
ment of ten years’ patient work by Sir George "^Vatt, Kt., M.R., C.M., F.L.s.. 
C.i.E. The Geological Department of India maintains a strong hotly of 
experts both for the scientific examination of the Geology of India, and for the 
investigation of her mineral resources. Geography is represented by the im- 
portant department of the Survey of India. Forestry is the proviiua? ol the 
large Forest Department, which is one of the most important in the world. 

In pursuance of the policy inaugurated by the formation of tlie scheme 
for the Pusa Institute, the important announcement was made in March last, 
that Government had decided to give for the expansion of the I)epartmcrit> 
of Agriculture an additional annual grant of Rs. 20 lakhs whiili 

it is hoped to increase in future years. This grant will {permit of almost 
trebling the present expenditure. The general principles of the scheme of 
expansion have been considered, although there will necessarily be difference's 
to suit the local requirements of each province. Subject to these differences, 
the outlines suggested for the reorganization of the department may briefly 
be stated. 

In the first place an experimental farm is recommended for each 
important distinct agricultural tract. This will mean a very large inert^ase to 
the farms enumerated in the appended table. Each farm will be in immediate 
charge of a trained native assistant with the necessary subordinate staff. 
It is proposed to strengthen the expert staff of each province so us to 
include one or more Superintendents of Farms, an Agricultural (fiiemist, 
Economic Botanist, Mycologist and Entomologist. The Superintendent ot' 
Farms (or Deputy Director as he has hitherto been designated) will !>e an 
expert agriculturist trained in general agricultural science and practical 
farming. He will be in charge of a circle, which will only be a part of a 
province in the case of large provinces, in which he will supervise all 
agricultural work, including the experiment stations, demonstration plots, 
the testing and distribution of seeds, implements and special manures. He 
must acquire a complete knowledge of the agriculture of his circle, and 
must be in close touch with the cultivators, so that he can answer their 
inquiries, give them advice on all agricultural matters and encourage them 
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to give effect to the results of successful research work. He must be 
the guidiag spirit of the Agricultural Associations of his circle. His 
subordinate staff will include not only the establishment of the experi- 
meiital farms, but a peripatetic staff to assist him in the performance of the 
duties outlined above. His head-quarters will usually be at the most 
important experimental farm of his circle. The other specialists will be 
located at the provincial Research Station, and will not only conduct research 
work in their laboratories and their head-quarters experimental farm, but 
will tour throughout the province, visiting all experiment stations, guiding 
the work connected with their special branch and inquiring into the local 
conditions of all tracts. The Agricultural Chemist will investigate all 
chemico-agricultural matters. The region in which the Agricultural Chemist 
will employ himself includes not only the chemical analysis of agricultural 
materials (such as soils, waters, manures, feeding stuffs, crop products and 
the like), but also the investigation of special problems. Amongst the 
problems ripe for investigation may be mentioned the exhaustion of the soil 
by the present modes of cultivation ; the amount of nitrogen in the rainfall 
and the loss of the soil constituents by drainage ; the nature, origin and 
removal of saline efflorescences ; the use of indigenous material for artificial 
fertilizers ; the sugar-content of different varieties of sugarcane and the 
causes affecting it ; the date and palmyra palm sugars ; the system of tobacco 
curing; sewage from an agricultural standpoint. The duties of the 
Economic Botanist include an investigation of the economic uses of agri- 
cultural plants ; a botanical and biological study of the field and garden 
crops; the testing of varieties; the transfer of useful varieties from tract 
to tract ; the production of new and improved varieties by selection and 
cross-fertilization ; the testing of likely exotic plants. The Mycologist will 
study fungus life in the soil in its relations to plant food, and all fungus 
diseases of plants, amongst which may be mentioned wheat rust, linseed rust, 
potato blight, the pe[>per vine disease, red-rot in sugarcane, the wilt disease 
of the pigeon pea, rusts of millets, smuts of cereals, paddy diseases, the 
opium poppy blight, diseases of ginger, turmeric and egg plants, all of which 
cause great losses to the cultivator. The Entomologist will investigate the 
great number of insect pests injuring the crops and the means of introducing 
into general use practical remedies. For the present it will be necessary to 
fill most of these appointments with specialists recruited from Europe and 
elsewhere, but later on it is hoped that the Pusa College will provide 
suitable candidates from its best students. 

A further proposal is that each important province should have an 
Agricultural College, wdiich will give a technical education extending over 
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a course of three years. It is believed that the demand for passed 0TaduaTe> 
will be sufficient to induce a sufficient supply of students. There will be a 
large field for employment in the Department of Agricultiir^^ ; some may h(‘ 
employed in other brancbes of the State service, where a knowledge of agri- 
culture will be of use ; it is also hoped that the sons of landowners will join 
in order to fit themselves for the management of their own estates and fur 
employment as the managers of f court of wax’ds and private estates, llu/ 
expert staff will for the present be responsible for the teaching in addition to 
their research work, with the help of competent native assistant professors. 
This course in the provincial agricultural colleges will thus lead up to the 
post-graduate course of specialization at Pusa. 

One important feature of the expansion scheme is the employment of 
an adequate subordinate staff in each branch, so that the superior officers 
may utilize their abilities on the more important duties and have plenty of 
assistants at their disposal. The staff' will be graded so as to give prospects, 
both in the lower and upper subordinate appointments e<|ual to those in 
other branches of Government employ. 

Further, it is hoped to improve the means of introdueiag the results of 
research work into general agricultural practice. Temporary demonstration 
plots will be started ; the formation of District Agricultural Association’^ 
will be encouraged ; Agricultural Shows will be supported ; the distribu- 
tion of improved seed, implements and manures will be extended ; popular 
publications in the vernacular will be issued. There are many difficulties in 
the way of agricultural improvement in a eountry like India, with most i»f 
the land divided into minute holdings, and cultivated by small men with 
no capital and little education, but by these and similar means, it is hoptnl 
that the work of the department will be brought into close touch with tin* 
actual cultivators. 

With this large expansion of the provincial departments, it is proposed 
to separate the Land Records branch, and to appoint a separate Director (.>f 
Agriculture, who will for the present he a member of the Oivil Service, to 
be in charge of the Agricultural and Civil Veterinary branches. He will be 
responsible for the general administration and discipline of the deparrmcnt. 

Turning to the Imperial Department, the first proposal is to appoint 
supernumeraries to each specialist. These supernumeraries will be young 
men who, having completed their College education, will be posted to the 
Pusa Institute to undergo a further training under Indian conditions. They 
will be absorbed into the regular cadre of the departments as vacancies 
occur by leave or retirement. By this means it is hoped to avoid the exist- 
ing difficulty of obtaining suitable candidates of experience* 
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It is also proposed to strengtheD the Imperial staff by the employment 
of specialists required for the investigation of important special problems. 
There are investigations which cannot be confined within provincial limits 
without unnecessary duplication. In other cases Imperial experts are re- 
qiiffed to co-ordinate the work in each province, to assist the provincial 
experts by suggestions based upon their knowledge of the conditions in 
other parts of India, and the progress made in other provinces. Fmancial 
considerations also limit the number of experts which can be employed by 
each province. The additional specialists which have at present been 
suggested include a expert, to co-ordinate the work in each province ; 

a Wicai expert, to investigate the .special problems of this crop, iiicluding 
the production of rust-proof varieties, cross-breeding experiments, the test- 
ing of varieties for special tracts, the milling and baking qualities of Indian 
wheats, the commercial requirements, and the like ; a sugar expert, to in- 
vestigate the problems of sugarcane cultivation ; tobacco expert, to introduce 
improved methods of cultivation and curing ; and a fruit expert, to improve 
the fruit cultivation and methods of packing and grading in the important 
fruit-growing temperate zone of North-W est India. It is also proposed to 
employ additional Entomologists, who will be specialists in the more im- 
portant groups of insects, for the subject is such a large one that the work 
must be divided amongst a strong central staff of systematists, a start 
being made by the employment of an expert in 

Buell are the outlines of the general scheme for the expansion of the 
Imperial and Provincial Departments of Agriculture, w^hich has become 
possible with increased expenditure justified by the stability of exchange and 
the prosperity of the finances of the country. It must necessarily take some 
years to introduce it in its entirety, and experience will doubtless show the 
necessity for much modification, but within a reasonable period, the Depart- 
ments of Agriculture in India should be raised to the position which they 
should rightly occupy in a country where the land revenue is such an 
important source of income, and where famine makes such appalling 
inroads on the national prosperity. The difficulties before the department 
are numerous and great, but it is an augury of ultimate success when one of 
India’s shrewdest merchant princes has described expenditure upon scientific 
agriculture as the most promising investment that Government can make. 
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Table xhiiwmj the conatitutmi of the Imperial and Provincial Departments of 

Agrkidt'icre, 


Experimental Farms!. 


Educational 

Institutions. 


liVIFERiAL DEFAETIVIENT OF AGRICULTURE. 


Imperial 


Bombay 


1 Inspector-General of Agri- 1 A^rricultiiral Eesearcb Ins- 1 A 

culture— titute, Pusa, Bengal 

Mr. J. Molilson, M.k.a.c. (General Experiment 

(Cirencester) (on leave); Station). 

Mr. F. G. Sly, 1.0.8. (o%.). 

2 Assistant Inspector-Gene- 

ral of Agriculture— 

Mr. T. F. Main, B.sc. 

(Edin.). 

8 Director of Agricultural 
Eesearcli Institute and 
Principal of Agricultural 
College, Pusa— 

Mr. B. Coventry (Beau- 
mont College). 

4 Agricultural Obemist— 

Dr. J. W. Leather, PH. B. ; 
r,i.o. I F.o.s. 

5 Cryptogamic Botanist- 
Dr. E. J. Butler, M.B, 

(Dublin), P.L.s. (Queen’s 
College, Cork ; Univer- 
sity of Freiburg, and 
Kow). 

6 Entomologist - 

Mr. H. M. Lefroy, m.a. 

(Cantab), F.z.s. 

7 Agri- Horticulturist— 

Mr. E. Shearer, m.a., b.sc. 

(Edin.). 

8 Agri-Bacteriologist — 

Mr. C. Bergtbeil (Univer- 
sity College, London, 

Kuremberg, and Agricul- 
tural College, Wye) on 
deputation under Ben- 
gal Government, 

9 Biological and Economic 

Botanist— 

Mr. A. Howard, m.a. 

(Cantab), a.r.c.s. 

(Loud.), F.C.8., F.L.S., 

Diploma in Agriculture, 

1 Cambridge University, 

and Koyal Agricultural 
! Society of England. 

PROVINCIAL DEPARTMENTS OF AGRICULTURE. 

^ ^ Kirkee, Poona, Deccan i 1 C o 

Mr. H. S, Lawrence, i.c.s. (General Experiment ! H 

r\ X T^' . Station and Dairy Farm ) ' P 

^ ••• 2 Manjri, Poona, Deccan 

(A M*a, (General Experiment 

^antab), B.so. (Lond.), Station, principally 

Diploma, In Agriculture sugarcane and sewage 

Cambridge University Parra). 

3 E^nomic Botanist and 3 Dhulia, Deccan {Geneml 
Professor of Botany, Experimen Station, 

Pooml Science, principally cotton). 

Mr. G. A. Gammie, 


I 1 Agricu 1 1 0 r a I 
College, Pusa, 
Bengal. 


1 Kirkee, Poona, Deccan j 1 V o 11 e g e o f 

(General Experiment j Science, 

Station and Dairy Farm) I Pcomu 

2 Manjri, Poona, Deccan | 


(General Es 
Station, pi 

sugarcane and 
Parra). 


Experiment | 
principally 
md sewage 


3 Dhulia. Deccan {Geneml 
Experimen Station, | 
principally cotton). 1 
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Table shomhaj the constitution of the Imperial ami Provincial Departments of 

Agriculture-^ooni^. 


Province. Staff. 


Provimial Departments of 
Agriculture— coi\td» 

4 Professor of Agriculture, 
Ool lege of Science, Poona, 
and in charge of Klr- 
kee and Manjri Parms— 
Mr. J. B. Knight, M,sc. 
(Massachusetts College). 
0 Agricultural Chemist— 
Mr. A. A. Meggitt, B.sc. 
(Loud.). 

6 Divisional Inspector, Sind 

(temporary) — 

Mr. Sidh Bisal Malhi, 
M.K.A,C. 

7 Divisional Inspector, 

Deccan — 

Mr. G. K. Kelker, L. Ag. 
Bombay. 


Madras ... 1 Director— 

Hon’ble Mr. A. E. Castle- 
Stuart Stuart, 

J.G.S., F.Z.S., F.R.G.S. 

2 Deputy- Director— 

Mr. C. Benson, M.R.A.O. 

3 Government Botanist— 

Mr. C. A. Barber, m.a. 
(Cantab), F.L.s. 

4 Principal of Saidapet t 

College.— 

Mr. Keess, m.a. (Cantab), 
M.li.A.C. 


Bengal ... 1 Director— 

Mr. N. D. Beatson Bell, 
I.C.S., B.A. (Oxon.) 

2 Deputy* Director— 

Mr. F, Smith, B.sc. 

(Edinburgh), F.h.a s, 

3 AssisStant Director— 

Mr. K. G. Mukerji, 

M.R.A.O. (Cirencester), 
M.A. (Calcutta). 

4 xlssistant Director— 
Mr.D.N. Mukerji, M.R,A.c. 

(Cirencester), m.r.a.S, 
(England), m.a. (Cal- 
cutta). 

5 Superintendent, Siripur 

Farm — 

Mr. N. K. Banerji, m.r,a.c, 
(Cirencester), F.H.AiS., 
M.K.A.s. (Ireland). 


Experimental Farms. institutions. 


1 Surat, Guzerat (General 
Experiment Station, 
principally cotton). 

5 NadiM Farm, Guzerat 

(General Experiment 
Station, principally 
millets and tobacco). 

6 Dharwilr, Karnatak (Gene- 

ral Experiment Station, 
principally cotton and 
millets). 

7 MirpurKhas, Sind (Cotton 

and Irrigation Station). 

S Daiiauli, Deccan (Rice 
Experimental Plots). 

9 Belgaum, Karnatak (Sub- 

sidized tree-cotton Ex- 
perimental Plot). 

10 Chharodi, Guzerat (Sub- 

sidized Cattle Breeding 
Farm). 

U Sbolapur, Deccan (Cattle 
Breeding Farm). 

1 Samalkota, Godavari 1 College of Agri- 

(Sngarcane Station). culture, Saida- 

2 Koilpatti, Tinnevelly pet, Madras, 

(General Bxpei-iment with Farm at- 

Station). tached. 

3 Bellary (General Experi- 

ment Station). 

4 Hinclupur, Anantpur 

(Agave Fibre Station), 
i Taliparamba Malabar 
(Pepper Station), 

5 Paliir, South Arcot 

(Groundnut and Sugar- 
cane Station). 

7 Hagari (Irrigation Pum- 
ping Station). 

1 Burdwan (General Experi- 1 Agricultural 

ment Station). School, Sibpur, 

2 Dumraon (General Experi- Calcutta. 

ment Station). 

3 Sibpur, Calcutta (General 
Experiment Station. 

Also demonstration for 
agricultural lectures). 

4 Siripur, Hathwa (General 

Experiment Station and 
Cattle Farm). 

5 Gouripur, Mymensing 

{(General Experiment 
Station). 

6 Rampur Boalia (General 

Experiment Station). 

7 Rangpur (General Experi- 

ment Station, principally 
jute and tobacco). 

8 Chittagong (General Ex- 

periment Station). 
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Table showing the constitution of the Imperial and Provincial Departments of 

Agrieultiire—coxicld. 


Experimental Farms. 


Educationai 


Provincial Departments of 
A griouUure — concl cl. 

6 Indigo Specialist— 

Mr. C. Bergtheil (Univer- 
sity College, London ; 
Nuremburg ; Agricultural 
College, Wye.) 

7 Jute Specialist— 

Mr. R. S. Finl ow, B.sc., 
F.O.S. 


9 Cuttack (General Experi- 
ment Station, principally 
irrigation experiments). 


vinces of 
Agra and 
Oudh. 


Pro- L Director- 


Mr. W. H. Moreland, B. a,, 
O.I.E., I.O.S. 

! Deputy-Director— 

Mr. J. M. Hay man, D.v.s. 
(McGill University, 
Diplomist of Guelph 


I 1 Gawnpur (General Ex- 
periment Station), 

*2 Orai, Jalaun (General Ex 
periment Station). 

3 Gursikran (Station for 
reclamation of saline 
tracts). 


Ex- 1 Agricui t u r,a 1 
■j School, Cawn- 

Ex- pur. 


Agricultural College and j 4 Juhi (Station for reclam- | 


Punjab 


Cambridge University). ation of saline tracts.) | 

3 Assistant Director— o Abbaspur (Station for | 

Mr. Saiyid Muhammad reclamation of saline j 

Hadi, M.R,A.C,, M.R.A.S. tracts). j 

4 Economic Botanist— 

Mr. H. M. Leake, M.A. 

(Cantab), F, L.s. (Christ’s 
College, Cambridge), 

1 Dij-ector— 1 Lyallpur Farm, Chenab 

Mr. W. 0. Renonf, i.c.s. Colony (General Ex- 

i 2 Deputy-Director— periment Station), 

Mr. S. Milligan, m.a., 2 Sargodha Farm, Jhelum j 
B.Sc. (Edin.). Colony (Seed Produc- ' 

tion). ! 


Central Pro- 1 Director— 
vinces. Mr. 0. B. Low, .i.u.s., 

(offg,). 

2 Deputy-Director 

Mr. D. Olouston, M.A., 
B.SC. (Edin.). 

3 Assistant-Director— 

^ Rai Bahadur K. S. Joshi, 

L.Ag. (Bombay.) 


1 Nagpur (General Experi- i 1 AgricnDnra! 


1 Director— 

Mr. F, 0. Henniker, 
i.c.s. (on leave), 
Mr. H. C. Barnes, m.a,, 
I.O.S. (offg.). 

2 Assistant Director— 

Rai Bahadur B. C. Basu, 
B.A., M.Il,A.C., M.R.A.S. 
(England). 

1 Director— 

Mr. J, A. Mackenna, 
'■ LO.S. ' - 


ment Station, principally j 
cotton ; sewage farm ; j 
and cattle breeding \ 
farm), j 

2 Hoshangabad (General ; 

Experiment Station ^ 
principally wheat ; and 
cattle breeding farm). ; 

3 Raipur (General Expeid- i 

ment Station, pHnci- : 
pally rice). j 

1 Shillong Farm and Fruit | 
Garden (General Ex- 
periment Station, prin- 
cipally temperate fruits 
and vegetables and seri- 
culture). 

j 2 Wahjain (Experiment Sta- 
1 tion for Tropical Fruits 
and Plants)v^ ^^^ ^ ^ ^ ^ 


School, Nagpur. 




MANURING SUGARCANE. 


By J. WALTER LEATHER, ph.d., p.i.c., 

Agricultural Chemist to the Government of India. 

“ Good muck iind plenty of it” is a sound old English adage in agri- 
culture, and doubtless finds its counterpart among all sugarcane planters in 
India. Unfortunately its application is limited by the fact that the supply 
of fann-yard manure on any farm is sufficient only for a part of the crops 
grown, and must be supplemented in all countries by other materials destined 
to the same end. It necessarily follows that the economical use of manure 
for crops is a most important agricultural problem. It is a case precisely 
similar to that of any manufacturer who takes raw materials and derives 
from them finished goods, A broad distinction occurs, however, in the 
circumstance that in most cases of manufacture the processes are well under 
control, and a given quantity of raw material may be expected to yield a 
definite quantity of the finished article. In agriculture, on the other hand, 
no such comparative certainty’^ exists. In part this is due (in the case of 
crops) to climatic conditions which are uncontrollable and aifect outturns to 
a considerable extent. But apart from this, the effect of manures on crops is 
not characterised by that regularity which processes more under the control 
of the individual, exhibit. Nevertheless, a great object in agricultural research 
is to determine the conditions under which this or that ^ manure ’ may be ap- 
plied so as to attain the most economical result. At the present day this 
problem can only be attacked in what is styled an empirical manner ; namely, 
definite quantities of the manures are applied to the land in question, and the 
effect gauged by the resulting crop. It is a simple method in principle, and 
although in reality very defective, has nevertheless rendered great service. 
It sufifers from several interfering circumstances ; the soil in question may 
not be uniform, the season may be quite abnormal, the period of apply- 
ing the manure in relation to that of sowing the crop may be of considerable 
or of little importance, and finally what applies to one soil may not neces- 
sarily apply to another. Whilst the method then does not provide fine 
distinctions between one manure and another, general deductions of fair 
reliability^ and of great value are possible, 
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DEring tke last decade, experiments on- the' maiiuriiig of sugarcane have, 
been in progress at several of the Government farms in India, and the lessons 
'to be.dearnt^from. these^.a of interest to those who engage in the industry. 

That land which is destined for a sugarcane crop should be manared, is 
well known, and there are probably few places in India where the attempt is 
made to grow the crop entirely unaided. At the same time the very great 
variations in the size and nature of the crop that one meets with in difterent 
districts, shows only too plainly that the amount of cultivation and iiiaimre de- 
voted to it differ wdthin wide limits. Sugarcane crops may be seen in parts 
of the Punjab or the United Provinces or in Behar which liave received 
little or no manurial assistance, whilst conversely in other districts of these* 
Provinces, or still more generally in the Deccan or in the ]iIaJnis Presidency, 
this crop is treated in that liberal manner which is one of iho conditions 
necessary to ensure a high outturn. 

It is well understood that the object of adding manures to the laml is to 
supplement the supply of certain materials to the growing plant, whiidi are 
in limited quantity already present in the soil. The plant foods which must 
be usually considered in this relation are potash, nitrogen and pliosjdrates. 
This does not imply that the plant requires nothing else, hut that tlie 
several other foods are already usually present in the soil or atmosphere in 
sufficiently liberal amount. Of the total weight of any green plant, over ^10 
per cent, consists of water derived from the soil, and carbonaceous material 
derived from the atmosphere. Organic nitrogenous matter, built up in [airt 
from the carbon dioxide of the atmosphere and in part from, the nitratis in 
the soil, will amount to 1 to 2 per cent, of the green plant, and this intdiidt‘S 
about *1 to ‘S per cent, of nitrogen obtained from the soil Of the mineral 
constituents, potash, lime, magnesia, phosphates, &c,, similarly low percentage 
quantities are met with. But whilst these quantities when expressed as }ier- 
centages appear small, they not only amount to from 10 to 100 or more lbs, 
per acre, but in order to supply them, still larger qiumtities of nunrure are 
required, and if the crop be a heavy one, such as sugarcane should be, tlnm 
the amount of manure required becomes really large*. 

The sugarcane crop will weigh, in the fresh state, from 20,000 to over 
100,000 lbs. per acre, and it follows that the plant food required to build up 
such a great weight of crop, is correspondingly great. Like all green and 
immature crops, the composition of sugarcane varies within somewhat mdp 
limits. Specimens examined during 1895 and 1890 showed that the fr<*sh 
cane contains from ‘02 to *05 per cent, of nitrogen, and from *04 to *08 {ac- 
cent. of phosphoric acid ; the green immature tops, which are usually cut off, 
from *1 to *3 of nitrogen and about *1 of phosphoric acid; and the dead 
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leaves from *3 to *5 per cent, of nitrogen, and *2 to *4 per cent, of phosphoric 
acid. If we calcalate these q^uantities to lbs. per acre, it is found that a ciop 
of 50,000 lbs, of cane, together with its tops and dead leaves, will contain 
some 50 to 100 lbs. of nitrogen and about 40 to 70 lbs. of phosphoric acid. 
Many cane crops in India weigh considerably more than 50,000 lbs., and not 
infrequently run up to 100,000 lbs. Thus the requirements of the crop 
cannot be stated precisely. The deduction may, however, be made that every 
10,000 lbs. of clean cane grown, together with its tops and leaves, will 
remove from the soil some 10 to 20 lbs. of nitrogen and nearly as much 
phosphoric acid. 

The next point of interest is the quantity of manure required to supply 
such crops. And here let it be noted in passing, that it is not a good 
agricultural practice to try to get as much out of the land as possible without 
making adequate returzi. In addition to the effect of the growing crop, 
other influences are generally present tending to lower the ^‘fertility ” of 
arable land, and it becomes a golden rule in all good farming, to apply as 
manure at least as much as the crop will assimilate, and indeed usually a 
surplus as well. This is a I'egular practice in Europe, where the manures 
used generally contain half as znuch again as the crop assimilates. And so 
too in the districts in India where the best cultivation prevails, we find 
very liberal ideas of manuring. Thus around Poona, Mr. Mollison 
estimates that as much as 30 tons of poudrette or farm-yard manure are 
used per acre for cane land (vide Agricultural Ledger Ho. 8 of 1898, p. 7). 
Such a quantity of manure will contain about 300 lbs. of nitrogen and even 
more phosphoric acid and potash, Le.^ quantities largely in excess of the 
requirements even of the heavy crops of that neighbourhood. It follows that 
one of the most interesting matters in relation to sugarcane planting, is the 
quantity of manure which should be used per acre. The materials at our 
disposal are numerous, and possess moreover widely different values per 
maund or per ton. For example 100 parts of cattle clung rarely contain so 
much as 1 part of nitrogen, usually indeed only about one half or two-thirds 
of a part, whereas the much more concentrated fertilizers, the oil-cakes or 
fish-manure, contain from 4 up to 10 parts. The amounts of potash and 
phosphate will vary in a very similar ratio. It becomes necessary, therefore, 
to distinguish between our several manures and to use them in quantities 
corresponding to their relative richness. In fact we require to know how 
much oil-cake or fish manure is equivalent to a ton of farm-yard manure. 

It has been found that for many soils the outturn of crops of the 
graminece depends mainly on the amount of nitrogen present in the manure, 
pro\ided this belongs to the category of the so-called ‘‘ organic manures,’* 
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such as farm-yard manure, pondrefcte, the- oil-cakes , and the like. These all 
contain other elements of plant food and generally in quantity correspoiidiiig 
to the nitrogen, so that if siitBcient of the latter element is provided, it may 
be assumed that the supply of the othei's will be similarly liberal. Such an 
assumption simplifies in a great measure the comparison of manures when 
the crop belongs to the natural order mentioned. Thus in order to compare 
farm manure with castor poonac, it is sufficient to compare theiivi'^dative 
richness in nitrogen ; if the former is found to contain *5 per cent, and the 
latter 5’0 per cent, then the latter may be held to be approximately 10 
times as valuable as the former, or that we require only one-tenth as nuieh 
per aci'e. It has been necessary to digress somewhat in order to make it 
clear to the reader why, in relation to the sugarcane crop, manures are so 
constantly appraised on the basis of their nitrogen content, and why so little 
mention is made of the amount of potash or phosphates which they contain. 

The most extensive series of experiments on this subject are those whi(*h 
were made at the Manjri farm near Poona between the years I8il4 and llHk'l. 
The soil is “black-cotton” of the Deccan type, varying from about 2 to fi 
feet deep, and resting on the semi-decomposed trap called “ liliirum.” It is 
a good soil and freely open to drainage. It will be most {*onveniei)t if the 
crops produced by the individual manures are considered separately. 

Taking as a basis the general practice of the district, large amounts of 
manure were employed, and the local “ Pundia ” variety of (*une was 
cultivated. During the eight years of the expieriments, freshly planted cane 
was grown four times ; two ratoon crops were taken, and twice jowar was 
grown as a rotation crop. The manures used may conveniently be divided 
into three classes, namely, farm-yard manure, poiulrette and fish manure ; 
secondly, the oil-cakes ; and thirdly, bones and saltpetre. 

Farm-yard manure and poiidreite both contain only low proportions of 
fertilising ingredients, and large amounts are, therefore, requiretl ; 20 to 25 
tons were used per acre, containing, it was estimated about 500 lbs. of 
nitrogen. If these are admittedly very heavy applications of manure. t!m 
yield of cane and sugar were also large. From two plots the outturn varied 
from 6,000 lbs. up to over 11,000 lbs. of “ gul ” (raw^ sugar) ; the effect of 
poudrette was even greater, and from 10,000 to over 13,000 lbs. was realised. 
The ratoon crops were naturally somewhat smaller (5,000 te 8,000 lbs. “ gul 
The effect of farm-yard manure was rather more gradual than that of the 
other materials ; it exhibited iu fact one of its usual characteristics, Poiui- 
rette is well known to cultivators all over India. 

Fi&h manure is not so widely known, but the demand for manure in the 
Deccan, and probably other parts of India not far removed from the coasts. 
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is so great that a trade in sun-dried refuse fish has sprung up. It is a 
concentrated manure, containing fully 10 times as niiieh plant food per ton 
as farm-dung. The amount employed was 2*7 to 2*9 tons per acre, contaming 
about 500 lbs, nitrogen, and the outturn of raw sugar varied from II5OOO 
to over 13,000^ lbs," ' ■ 

from the foregoing materials, we come to the oil-cakes. 
Of these there are a great variety in India, Some of them, such as earth-nut, 
saffloweiv jingelly or are valuable cattle foods ; others such as 

castor, bassia or karanji possess a value only as manures. Guriously the value 
set upon the latter class of manures in the Deccan by the oultivator ten 
years ago, was comparatively greater than that which he placed on cattle 
foods. Thus at the time when the experiments were instituted, castor cake 
was selling at Es. 51 per ton, whilst safflower cake commanded only Rs. 47, 
although it possesses a fertilising value nearly twice as great as Bombay castor 
cake. Other similar examples were cotton seed, niger cake and ground-nut 
safflower cake. It was thus cheaper to employ these valuable feeding materials 
as manure, than castor cake or karanj cake. Naturally their fertilising value 
per ton differs within considerable limits. Safflower cake may be said to be the 
best, and if its value be denoted by 10, the others may be valued as follows : 
cotton-seed cake, 4*4 ; niger cake, 7*3 ; mixed safflovrer and ground-nut, 9*5 ; 
castor poonac (Bombay), 5*4 ; and karanj, 4*4, The cost of these oil-cakes 
in quantity coiTesponding to the farm manure was about Rs. 160 for safflower 
or safflower and ground-nut cake, Rs, 280 for karanj, and Rs. 300 for 
castor poonac or Gotton-seed cake. The yields of sugar obtained by the use of 
castor poonac or karanj cake varied from 9,000 to over 12,000 lbs. per acre ; 
those from safflower or niger cake plots from 11,000 to over 13,000 lbs. per 
acre; and cotton-seed yielded generally as miiob. It must, however, be recollect- 
ed that since these are expensive materials, the relative values per ton which 
have been stated above, must be considered in relation to the local market 
price, before deciding which to purchase. For example if the price of castor 
poonac, with a relative value of 5*4, were Rs. 50, and that of karanj, the rela- 
tive value of which is 4*4, were Rs. 42, the castor is slightly the cheaper ; 
and if safflower cake is obtainable at Rs. 60, then it is much the cheaper of 
the three. 

The oil-cake from the seed of bassia latifolia (the Mohwa tree) deserves 
a special remark. Per ton it is the least valuable of the several oil-cakes used, 
but being a refuse material, it is cheap. It was employed for two years, and on 
the first occasion the cane sets did not germinate. They were replanted a 
month later, when germination followed perfectly well. No further difficulty 
was experienced with it. The yield of sugar, 7,000 lbs. per acre, compared 
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fairly well with that from the use of other manures. It is possible that this 
press-cake includes a constituent which affects germination, but ii so, it has 
not so far been recognised. 

But whilst these applications of the oil-cakes as manure proved so very 
effective, and although the cost of the manure, namely from about Es. loO 
to Rs. 300 per acre, was not considered excessive or more than the cultivators 
were spending, it was neverthless apparent that the quantity of manure was 
very largely in excess of the requirements of the crop. Accordingly some 
other plots were devoted to smaller applications of the same raaterials. Tlic^ 
following are the principal results (1899-1900):— 


Plot. 


Manure. 


Weight of Nitrogen, 
lbs. per acre. 


Raw sugar obtained, 
lbs. per acre. 


33 

34 

35 

36 

37 

38 

43 

44 

45 


Niger cake 
Safflower cake 

... 

Farm-yard manure 
Poudrette 


500 

350 

500 

350 

500 

350 

500 

350 

250 


9,iH0 

0,180 

8,71H1 

9,145 

8,160 

6,805 


These experiments, though only made for the one year, lent support to 
the theory that the very high rates of manuring practised in the district, were 
perhaps unnecessarily large, and the conclusion has been dnrwn, that for the 
land in question, namely, Deccan black cotton soil, manure containing some BOO 
to 350 lbs. of nitrogen, together with the phosphates and potash present in 
the materials named, should be sufficient to ensure a lieavy crop of cane. 
Naturally it is assumed that the land is in good tilth’’ and first class order. 

Other materials have also been employed as manure for the sugarcane 
crop at Manjri. Bones, both in the form of powder, and also after conversion 
into superphosphate by the agency of sulphuric acid, were tised ; and on other 
plots saltpetre was also added. 

The bones and bone superphosphate contained only one-fourth as much 
nitrogen as the oil-cakes of the neighbouring plots, and where salt|H*tre 
was used in addition, the mixture contained only one-half as much nitrogen 
as the oil-cakes. It was, therefore, hardly to be expected that full cro j»s would 
be obtained; and this expectation was fulfilled, for with manure containing onlv 
130 lbs. of nitrogen, the yield of raw sugar was 4,000 to 7,000 lbs.; with the 
mixed manures containing 250 lbs. of nitrogen, 5,000 to 9,000 lbs. of sugar 
were obtained. It may be added that in one year when larger amounts of 
these manures were used, the outturn came into line with the largest crops of* 
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the series, a fact which negatives any suggestion that the lesser oiittiirn 
might be referred to the nature of the manure rather than to its weight. 

These experiments did not include mixtures of bones or superphosphate 
with the so-called organic manures. In fact, since these generally contain 
an amount of phosphate corresponding to the nitrogen, it is useless on 
the generality of land to expect any marked advantage in the use of such 
mixtures. At the same time there are soils which are abnormally poor 
in phosphate, and in such cases it might pay to add to an oil-cake one- 
twentieth part of its weight of bone superphosphate. 

The effect of the several manures has been expressed by quoting the 
yield of raw sugar obtained, and the actual yield of cane has not been 
mentioned. On the whole this is to be preferred. The proportion of raw 
sugar per 100 parts of cane has, it is true, varied somewhat and occasionally 
seriously, as will be mentioned subsequently, but in the foregoing 
instances, the variation was only moderate, namely, from about 11 to 13 per 
cent.; that is, from each 100 lbs. of cane between 11 and 13 lbs. of raw sugar 
was obtained. The whole of the experiments were made with one variety of 
cane, namely, the “ pundia,” a yellow-green, very fine cane of about to 5'^ 
girth. About 70 per cent, of juice was usually obtained by double crushing. 

The experiments at Oawn pore on this subject, which were made during 
the years 1897 to 1903, though not so exhaustive as those at Manjri, have 
yielded useful information on several points. The manures included farm- 
yard manure, poudrette, castor cake, bone meal plus saltpetre, and bone 
superphosphate plus saltpetre. Thus only one of the several oil-cakes was used. 
As was to be expected all these materials were found to be valuable fertilisers. 
There are two points of chief interest, for the moment, in these experiments. 
Firstly, the weights of cropland raw sugar were very much less throughout 
than that realised at Manjri. It is probable that the sugarcane crops in 
the Deccan are unusually heavy. They are much above what is considered 
to be an average in any country, and such heavy crops were not grown at 
any of the other farms. Those at Cawnpore were not more than half as heavy, 
and one can only conclude that there are features in the Deccan soil which 
ill a measure account for this difference in yield. Secondly, the Cawnpore 
experiments provide somewhat more complete information on the subject 
of the most desirable quantity of manure to use than did those at Manjri. 

Two plots of land were employed at Cawnpore, and cane was only 
grown in the alternate years on either ; some other crop — sometimes pota- 
toes and sometimes the millet, Panieum friimentamnn (Savan), being grown 
without additions of manure in the alternate years. The description of 
cane grown was that known locally as Madrasi paiinda,’’ a thick ant] 


20 


MANIXBIKG ■ SHaAROANE. 


very good cane. Tlie results obtained confirmed, in a great measure, the 
lessons derived from the plots at Manjri on wMcb large and small quanti- 
ties of manure were used. It is seen that at Cawnpoi^e, as at Manjn, the 
heaviest manure dressing was unnecessary, whilst conversely the smallest 
was too small for the production of a maximum crop. 


Average outturn of raw stigar from the plots at Cawnpore, 


Manure, 

Quantity used, 
tons per acre. 

Containing 
Nitrogen, 
lbs. per acre. 

Average yield of raw 
sugar, 

lbs, per acre. 

Farm-yard-man u re 

8 

125 

4,594 

Do. 

16 

250 

n,0I4 

Do. 

32 

500 

3,928 

i^oudrette 

30 

250 

S,836 

Do. 

60 

500 

4,osa 

Castor cake 

1*7 

250 

4,050 

Do. 

3-4 

500 

4,9115 

(a) Bone dust and 

{a) 1-2 ) 

125 

3,785 

(6) Saltpetre 

> 



{a) Superphosphate 

(a) D9 1 

125 

3,467 

and [h] Saltpetre 

{h) -5 i 




Top-dressing loith Manures,— Under certain circumstances it is beth^r to 
add a manure gradually during the period of growth, rather than to apply 
the whole to the land before sowing. Thus, in Europe, it is a very common 
practice, if saltpetre is to be used as a manure, to apply it to the crop 
either in part or altogether after the plant has grown some inches 
high. The omson d'eto^e of this is very simple. Saltpetre is a very soluble 
material, and if drainage occurs through the soil, it is carried with the 
water. If* then, it is applied to the land, like most manures, before 
sowing the crop, and the rainfall is abundant during the early stages of 
growth, the nitrate may be washed away to a stratum below the region of 
the roots, and would become lost. Thus, for example, in England, wheat is 
frequently sown during the autumn ; the crop germinates at once, but the 
development of the plant is only slow during the ensuing winter, and 
becomes vigorous first when spring sets in. If then, nitrate were applieii 
as a manure to the land before sowing^ it might be largely washed by tliu 
winter rains below the area occupied by the roots at that time. It is there- 
fore preferable to scatter it on the land at the beginning of the spring, wbrm 
the rains of that period wash it into the soil and carry it to that pesitioii in 
which it is of greatest service. Other manures are sometimes ih^ak, with 
similarly. For example at Woburn, farm-yard manure is scattered on the 
young wheat as a “ top-dressing in the eaidy spring. 

The case of sugarcane is somewhat siinilar. We have here a crop 
which enjoys a long period of growth, and constant additions of water, 
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either as rain or by irrigation, occur on the surface, which mostly soaks into 
the soil. Some at least passes away to the region of the underground water 
and carries nitrate with it. It is a common practice to apply manure for a 
ratoon crop, after the plant has made some progress (vide Mollison, Agri- 
coltiiral Ledger No. 8 of 1898, para. 63). The various experiments on the 
manuring of sugarcane in India, have not included any very systematic tests 
of the extent to which this practice of top-dressing with manure is advan- 
tageous, but it is probable that in certain tracts at least, such for instance 
as experience a heavy monsoon rainfall, with fairly open soil, the subject is 
deserving of more attention than it has received. It is to be remembered 
that even in the case of organic manures, farm-yard manure, oil-cakes and 
the like, the nitrogen of the material is converted into nitrate before the 
plant assimilates it. Supposing this process of nitrification takes place very 
rapidly, that the soil is very open, and the rainfall heavy, the valuable 
nitrate would be washed away out of the reach of the roots, before the plant 
had time to develop. Under such conditions it seems highly probable that 
it might prove an economical practice to put only a part of the manure on 
the land at the time of planting, and to dig in the remainder later on, after 
the crop had somewhat developed. On the other hand, in soils of a ‘‘ close 
nature, or where the amount of drainage is not excessive, there would not be 
the same danger of losing nitrate, and top-dressing would be correspondingly 
nunecessary. 

The effect of manures on the juice , — So far we have considered the 
effect of manures on sugarcane, irrespective of the variety, and also 
without reference to possible effects that manuring may have upon the juice 
of the cane. In fact, we have considered gross outturns only. In the ex- 
periments referred to, there has been no objection to this, because the crops 
grew to perfection, and the yield of sugar was proportional to the gross 
weight of cane. At the same time the value of the sugarcane crop depends 
on three factors, namely, the weight of cane, the proportion of juice ex- 
pressible by a mill, and the quality of the juice. The quality of the resulting 
“gur” will depend very largely on the third of these factors. An ideal crop 
of cane is one that fulfils the three conditions : great weight of cane ; high 
yields of juice, about 70 parts or more of juice per 100 of cane ; and juice 
containing a high proportion (16 per cent, or more) of cane-sugar, but very 
little (’5 per cent, or less) of glucose. It is, however, well known that the 
juice of cane may su3‘er from several causes : if the harvested crop is not 
mature, the juice will contain a high proportion of glucose ; if the crop 
becomes ‘^lodged” (broken down) through stormy weather for instance, 
the effects on the juice are similar ; and a third cause tending in the same 
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direction is excessive manure. In the Manjri experiments, from which 
quotations have been made, it appears probable that the largest amounts of 
manure used were unnecessarily large, probably half as moeh again as 
wais necessary to produce the heaviest crops. But the cane did not suffer, 
the crops grew to great perfection, and the “ gur"’ was excellent. On the 
other hand instances have occurred both at Manjri and at Oawnpore, from 
which quotations will now be made, of cane having suffered from too lieavy 
manuring. 

The most conspicuous case is perhaps that of some varieties of thin canes, 
known locally as ul7i, which %vere grown at Oawnpore. Three such varieties, 
together with three varieties of thick pounda canes, were grown for several 
years with quantities of manure corresponding to those which have been 
quoted. Poudrette was used in quantity 30 and 60 tons, sufficient to supply 
250 and 500 lbs. of nitrogen respectively, per acre. The thin nkh canes are 
quite unaccustomed to such liberal manuring. Very heavy crops amounting 
to 30,000 up to 60,000 lbs. of cane were produced, but the cane was mialde to 
bear its own weight, and fell down. The canes grew somewhat tliit‘ker than 
usual, and yielded more juice, but the latter contained less sucrose ami more 
glucose than usual. 

The effect on the juice was also readily discernible from the chemical 
analysis which was made in 1897. The juice of the Matna’^ variety, when 
well matured, contains more than 16 per cent, of cane-sugar with about ’BiJer 
cent, of glucose, whereas that produced on the heavily manured land con- 
tained from 8 per cent, up to 13 per cent, of cane-sugar and 1*5 down to *7 per 
cent, of glucose. The other two leMs contained similarly low proportions of 
sugar. The experiment was continued for six years with the idea of testing 
whether these varieties would gradually become accustomed to the conditions 
of high cultivation, but no evidence in support of this W'as atlduced ; the eaties 
continued to yield heavily, but juice of only poor quality was obtained. It is 
an extreme case, and naturally must not be taken to indicate that sugarcane 
should not be liberally manured. 

A somewhat similar instance occurred at the Mapjri Sewage Farm in 
1903. A moderately thick cane, the 'VSannabile’’ of the becean, was grown 
on land irrigated with sewage. The quantity of the latter was much larger 
than was necessary for simple manurial purposes, and was controlled by otlter 
considerations. It was estimated from a series of analyses made during four 
months, that this land received 735 lbs. of nitrogen, 353 lbs. of phosphoric 
acid and 274 lbs. of potash per acre in the sewage. As at (Jawnpore, so here, 
the cane grew to such luxuriance that it could not support itself, and the crop 
became '‘lodged.’’ The result was that, although the crop was heavy (the 
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ra w sugar outturn was about 9,000 lbs. per acre), the quality of the raw sugar 
was, in part, anything but good. It was noticed at an early stage of these 
particular experiments that irrigation with sewage must cease a couple of 
months prior to the time when the cane ordinarily ripens, for otherwise, the 
forcing effect of the manure tended to prevent it, in a measure, from doing 
so satisfactorily. 

The effect of excessive quantities of very stimulating nitrogenous 
manure on the production of sugar was noticed by Lawes and Gilbert, in 
their experiments on sugar beet {vide Jour. Roy. Agri. Soc., Eng., series iii, 
Vol. IX, Ft. ii, 1898, pp. 344-370). The most liberal manuring was followed 
by the growth of the heaviest crops, but the production of -good roots was 
coincident with more moderate applications of manure. As in our Indian 
field experiments with sugarcane, so here, the quantities of manure were in 
some cases far greater than was supposed to be necessary ; such for example 
was an application of 14 tons of farm-yard manure plus 2,000 lbs. of rape 
cake and 400 lbs. of ammonia salts. On the other hand 14 tons of farm manure 
alone, or 2,000 lbs. of rape cake used in conjunction with some superphosphate, 
or 400 lbs. ammonia salts plus superphosphate, all produced roots of excellent 
quality. 

The whole evidence on the subject rather points to the comparatively 
slowly decomposing manures as the best for the production of cane-sugar 
whether obtained from sugarcane or from beet. In the Maiijri experiments 
farm-yard manure and the oil-cakes stand out as being especially satisfactory, 
whereas sewage in excessive quantity is the least so, and at Cawnpore, 
poudrette — a very forcing material — when used in large quantity w^as dis- 
tinctly disappointing. 

The foregoing resume of the experiments which have been made at 
farms in India, on the manuring of land for the sugarcane crop, may possibly 
leave the impression, that the chief lesson to be learned from them is to 
avoid excessive quantities of manure when cultivating this crop. But a 
danger lies in going to the other extreme, for it is unquestionably a crop 
which repays liberal treatment. Stubbs, in his book entitled Sugarcane,” 
suggests that manure containing 50 lbs. of nitrogen per acre is excessive. 
Certainly in India this recommendation wmiild not hold good. For example, 
at Cawnpore, applications of 7 and 14 tons of farm-yard manure (containing 
about 70 and 140 lbs. of nitrogen) per acre on two plots resulted in only 
small crops. 

Again, there is a belief among some people that heavy manuring pro- 
duces poor juice. Examples have been quoted showing that this may occur. 
But the conditions associated with the occurrence must be carefully noted, 
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namely,, very heavy manuring, resulting in an immature crop. It is the 
extremes that should be avoided. 

In this article the ' quantM^^ of manure which were employed in the 
experiments, have not been always mentioned, because it is necessary to com-- 
pare , the manures on the basis of their fertilising constituents, rather than on 
their gross weight. At the same time the agriculturist is naturally 
desirous to possess some simple guide as to how much of these materials 
should be used per acre. It has been sufficiently explained that since they 
vary much in composition, it becomes impossible to say precisely what 
weight of one is equivalent to another. Every farmer knows that one lot 
of farm-yard manure, or of poudrette, will be appreciably better than another, 
and this is the case with other materials. It pays indeed to employ a chemist 
to determine the quality of manures, for economies can thereby be effected, 
which are otherwise impossible. If, then, weights of manure are here 
suggested, their limitation must be recognised, and the fact that they depend 
on the materials possessing an average composition must l)e carefully bornf‘ 
in mind. Subject to this reservation the following may be recommended : — 


Per acre. 


Fann- 5 ^ard manure ... 



... 20 to ;>0 tons 

Poudrette- “in alluvium 



... 15 to m 

,, in coarser soils ... 



... 20 to SI) „ 

Fish manure 



... 1 to n „ 

Safflower cake 



... 1 to 2 ,, 

Castor ,, 



... 2 to 4 

Karanj „ 

..i 


.«• . S to 0 tf 

Rape „ 
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THE WILT DISEASE OF PIGEON PEA AND 

PEPPER. 

By E. J. butler, m.b., p.l.s., 

Cryptogamic Botanist to the Government oj India, 

THE PIGEON PEA WILT. 

The pigeon pea (Cajanus indicus),, known in Northern and Central India 
as arbar or tiier and in Bengal as rahar, is one of the most extensively 
cultivated pulses in the country. There are, however, certain troubles 
encountered in its growth, and the study of one of these has disclosed a 
widespread disease of considerable interest which has hitherto escaped 
attention. It has been found to suffer habitually from a condition like that 
of flax (linseed) which is known as flax sickness ” in Europe and America, 
and which has thrown great difficulties in the way of successful flax cultiva- 
tion in several countries. A similar disease has recently all but destroyed 
pepper cultivation in parts of the Wynaad in India, so that it has become 
necessary to ascertain the cause and to see what can be found out about the 
organism which produces these results. 

Arhar is one of the crops which is ordinarily grown under rotation by 
cultivators. Apart from the ideas which are held— often vaguely — of the 
general advantages of this practice, very definite opinions have been 
expressed to me of the need of rotating this particular crop, I have, in fact, 
been told by cultivators that it cannot be grown with any success when 
sown year after year on the same field. This was borne out strongly by 
some experiments on the Kirkee Experimental Earm at Poona when the 
disease was under study in 1902-3. A large plot, affected by a moderate 
amount of disease in 1902, was re-planted with the same crop in 1903. The 
percentage of diseased plants rose enormously, and was well over fifty per 
cent, when I saw it in the autumn of 1903. On the Nagpur Experimental 
Farm also, the number of killed plants in 1902 was far greater on a field 
which had previously borne the same crop, than on one where it was planted 
for the first time. 

These experiences are exactly like those which have long been known 
in the cultivation of so dissimilar a crop as flax. After a few years, if 
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“T rdTexWb Unite.1 States, hu-niers 

'""te land becomes ‘4ax-sick ” after some years. That there is no reason 
T. the belief that flax is unusually exhausting has, howerer, reemitly been 
L bv Professor Snyder at the Minnesota Experiment Station in le 
uXd sites, the draft on nitrogen being much less than that of Indian 
com or mangels and about the same as oats, while as regards idm.^idim c, 

acid and potash the -^^nm^s of <— 
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erish the soil, and Dr. Leather has kindly analysed the soil ol a idot on e 
Nao-pur Farm, where large numbers of plants were dpng. am oum a 
miLncy of plant food available. Finally, the cmise ot flax sickness in t ie 

United States has been definitely ascertained within the hmt ieu ’> 

Professor Bolley of the Korth Dakota Experiment Station to he due o a 
parasitic fungus developed in the soil, and an allied fungus is responsible 

for arhar sickness in India. , „ i . ,i 

The dhease is found over an immense extent ot country; Bomlnn. the 

Central Provinces, the United Provinces and Behar being tlm areas most 

affected. It has been reported to me from the Punjab, but I have not seen 
specimens. In fact, with the exception of Madras where I have neither 

seen nor heard of it, one may assume that wherever the crop is extensively 
oTOwn, the disease is to be found. ^ . n 

The sequence of events in ordinary cases is somewhat as iollows. A 
crop, which has germinated well, will begin to show withered plants here 
and there when the seedlings are a few inches high. As single plants are 
generally attacked at this stage they easily escape notice. Other plants near 
those first affected gradually dry up. When u period of hot dry weather 
occurs during the rains, large patches of withered plants appear with 
ling rapidity. These are composed of individuals in which th(> fungus ini a- 
sion has not proceeded very far, but which are sufficiently affected to be 
unable to withstand the sudden strain thrown on the roots by hot and dry 
weather succeeding rain. As the plants approach maturity the steady 
progress of the fungus in the soil from the first diseased plants makes itseit 
apparent by the ever- widening areas of disease. Arhar will grow for a 

second year if not interfered with, or if partially cut back, and in such 
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ratooned” fields sufficient time is given for so great an extension of the 
fungus that almost all the plants may be killed, Plate I shows part of a 
plot in my experimental field damaged by frost early this year and cut back 
so as to give a second crop. The part shown in the photograph is being 
invaded from every side, and the whole will probably be destroyed in another 
month or two. Almost the same effect is produced by sowing fresh seed on 
laud which has had a diseased crop the previous year, and in two or three 
years of such treatment the condition obtained on the plot at Kirkee, men- 
tioned above, is arrived at. 

A closer examination of a plant which is partially dried up shows that 
some of the twigs may be quite dead, while others are still green and heal- 
thy. The dead shoots are not scattered promiscuously throughout the plant, 
but usually bear a definite relation to some portion of the stem ; and on 
peeling off the bark it will be found that blackish streaks in the wood extend 
up from the base of the plant to the dead branches. On tracing the streaks 
down they will be seen to terminate in one or more blackened dead roots 
(Plate II, fig. 1). At a later stage other roots become affected, and the 
blackening extends over the greater part of the base of the stem. When 
the whole is involved, the plant entirely withers and remains standing with 
the dried leaves still attached to the branches. 

The blackened portions of the base of the stem and roots contain 
quantities of the fungus in the bark and wood. At a late stage it may 
be found as high as two, three or more feet from the ground. It lies in 
coiled masses in the water-carrying vessels of the wood, and single threads 
run througb the cells in all directions. It is one of those fungi which possess 
the po\ver of boring through the cell-walls, to reach the living food 
supplies contained within the plant cells. But its most favoured situation 
is in the vessels through which water and food are conveyed to the leaves, 
and along these it extends with great rapidity (Plate II, fig. 3). 

It can easily be induced to grow outside the plant, so as to permit of 
more definite study. Its reproductive bodies or “ spores ’’ can be sown like 
seeds in water or other substances, and on germination give rise to the 
fungus plants. Or by simply cutting out a part of the wood wdth precautions 
to avoid acoidental contamination, a growth of the fungus can be obtained 
on its surface in moist air. Thus examined, the fungus has always proved to 
be the same, and in hundreds of cases seen it has never been absent. From 
its constant presence in the diseased tissues and from its evidently parasitic 
character, the presumption is strong that it is the cause of the disease. The 
proof is obtained by inoculating healthy plants with it and thereby giving 
rise to the disease. 
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In the several series of inoculations carried out, the results have not 

always been the same. On one occasion seven out of thirtv-one seedlings 
inoculated took the disease, and this is the best result obtained to the 

present. In another case only eight out of one Iiiindred succeeded, while 
in two or three series all failed. Though the successful cases leave im 
doubt that the fungus produces the disease, the uncertain results show that 
all the conditions which lead to attack are not known, ihere may b(‘ a 
variation in the virulence of the parasite, or different individuals of the 
arhar maybe able sto withstand its attacks to different degrees. Indeed, 
that something ot the sort must be the case is cleai ■when one itvili>e.> tlie 
extraordinarily copious spore-production which this fungus posM^sses, and 
how commonly soil contamination must occur, ^^erc all plant> alike e<|na!i\ 
susceptible, and the fungus always equally virulent, the crop would be 
exterminated eventually in many places. 

/ The formation of spores takes place after the fungus has <h‘Vtdop(‘d 
luxuriantly within the tissues of the plant, and has appropriated tor its own 
use, not only the living plant substance, but also, probably, tlu* food supplies 
travelling in the vessels occupied by its threads. brick-red eillori\Si‘eiuH* 
then appears on the surface of the bark, overlying the blaekeneil streaks in 
the wood, and is composed of myriads of tiny spores whitdi easily sejKirate 
off and fall into the soil, or are carried about by the wind. But these, 
though far the commonest, are not the only sort of spore which is produced 
by the parasite, for no less than four have been found, representing so many 
different forms of its development. 

One of these spore forms is more highly developed than the rest, ft 
appears as round bodies of a bright red colour, smaller than a pin^s head, 
scattered on the surface of the bark, generally near the l,)ase of tiu^ stem 
(Plate III, fig. 2). These indicate that the fungus is a Xeetna. one of a 
group of fungi responsible for a number of wilt diseases of plants and 
cankers of trees. Within the red balls are numerous little spores arranged 
in groups of eight in thin sacks (Plate HI, figs. 4 and o). This form of 
spore is far from common, and is not at all a necessary part of the life of 
the fungus, for the others may go on reproducing it apparently indelinitidy. 

On sowing one of these Fectria spores in a drop of water, germination 
takes place by the growth of one or two long transparent tlireads, which 
branch and produce a little fungus plant. On some of tiie bran(*hi\s the 
second type of spore appears quite rapidly. This is smaller than tin* first, 
and several are produced in a globule of water at the tip of the branch giving 
rise to a form known as Cephalosponmn (Plate II, fig. 4). A lanu* a 
third form is found ; it is spindle-shaped and larger than the others. Though 
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in water cultures these arise singly from the tip of a free branch, on the 
bark they come out in cushions, formed of matted threads and bearing a 
fringe of spores all along the free surface (Plate II, fig. 5). It is this type 
(known as which produces the red layer on stems which have 

withered from the disease. Finally in old plants, or in cultures which are 
beginning to decay, the last form appears consisting of rounded thick-walled 
cells, well fitted to resist long exposure to unfavourable conditions. 

Each of these forms can be produced at will from any of the others, with 
the exception of the first. This has never been obtained in artificial cultures in 
the case of the arhar fungus, and only once in the similar pepper parasite, 
though the attempts have been numerous and some have lasted over two 
years. The reverse, however, is easy, for all the stages can be obtained from 
the germination of the first. So we have the curious fact that in the life- 
history of this Nectria (as of several others) the highest development only 
rarely oecurs in nature, and is very difficult to cause artificially ; while 
when once produced, all the other stages can be got from it with the greatest 
ease. And we may go on growing these other stages for a very long time 
without getting back to the perfect form. 

The original infection of fields, which have not recently borne a diseased 
crop of arhar, takes place by spores either blown in by the wind or carried on 
seeds on whose surface they have fallen during harvesting. . Bolley^s experi- 
ments show that in the case of flax wilt the latter is a very common mode of 
infection. I do not think it often occurs with arhar, for few of my non- 
inoculated plants growing on fresh soil have been attacked when young. Its 
possibility, however, serves to explain the appearance of the disease in remote 
places, where the crop is not usually grown, and where seed is imported from 
a distance. Once a field becomes infected the majority of the plants subse- 
quently diseased are attacked by extension through the soil. In this way the 
characteristic and ever-widening patches of disease are produced. 

It is clear that no direct treatment can be successful against a disease of 
this type. The parasite early enters the internal tissues of the plant, and is 
then out of reach of any curative application. We possess, as yet, no means 
of destroying internal parasites without injuring the plants in which they live. 
Even iron sulphate, a substance which can be applied to the roots of plants in 
fairly large doses without ill-effects, and which possesses to some degree the 
|)ower of killing fungi, has proved quite unavailing in this case. 

There remain indirect methods of avoiding or resisting the attack, and 
two of these offer the chief hopes of diminishing the ravages of the disease. 
The first is the introduction of longer systems of rotation than are usually 
practised in arhar cifitivatioii, whereyer the disease is severe. No information 
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U ns yet available regarding the length of time between snccessive crops 
required to cause the disappearance of the fiiiigiis from the soil ; three years 
is probably insufficient Still, every year after the first, during which other 
crops are substituted for arhar, will diminish the amount of disease up to a 
period, the length of which we do not know, when it will entirely cease. It 
can, it is true, then be induced afresh by new infection from diseased seed or 
neighbouring fields, but the damage which can be caused in a single year by 
this means is so slight, that a sufficiently long period of rotation would pro- 
bably, in itself, be enough to reduce the disease to insignificance. The other, 
and perhaps surer, method is to endeavour to find, or to produce, varieties 
which will resist the disease to a high degree. Unfortunately the varieties in 
cultivation are not numerous, a fact which DeOandoIle remarks in the “ Oriodn 
of Oaltivated Plants ” points to no very ancient cultivation. Several, however, 
do occur in India divided into two main groups, the " arhar” which has the 
upper petal of the flower veined with purple, and the “ tuer” with the upper 
petal yellow. These have been sometimes separated into two distinct species 
known as Gajanus bicolor and Gajanus fiamis. So far there is no indication that 
any of the common varieties resist the disease, but the collection of as many 
varieties as possible, in order to study their behaviour in i-egard to infection, 
has only just been commenced. There is some hope from the experience 
gained elsewhere that this line of work will give satisfactory results. One 
of the worst of the wilt diseases known, the cotton wilt, which is caused by 
an allied fungus, has been successfully checked in parts of the United States 
by the introduction into cultivation of wilt resisting cottons by the Depart- 
ment of Agriculture of that country. 

THE PEPPER VINE WILT. 

About 1900, a disease in some of the pepper estates under European 
control, in the Wynaad District of Malabar, began to attract attention. Its 
origin is obscure, but there is an abandoned plantation near Vayitri which is 
said to have died out from some unknown cause eight or ten years ago, and 
this may have been one of the earliest cases. 

When 1 visited Wynaad in October, 1904, 1 found the alarm was general, 
for some estates had already lost the greater part of their plants and others 
were affected more or less severely. The disease was very virulent, and had 
succeeded in producing a vast amount of damage in three or four years. 
Its possibilities in this direction are evident from the fact that over four 
thousand acres of pepper cultivation are in the hands of Europeans in South 
Wynaad, and perhaps five times as many are grown by natives. A far 
greater amount is grown in the coast districts of Malabar, but it is impos- 
sible to estimate how much this may be. 
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The black pepper vine {Pi 2 )er ?iigrum) is grown in Malabar, as else- 
where, on Hvingv trees which ar^ known as the standards. These may be 
either ordinary jungle trees or may be specially planted for the purpose. In 
the low country, palms are much employed, most villages having vines on a 
proportion of the palms which usually surround the houses. In the Wynaad 
Hills jungle trees are mostly used. The nature of the standard does not, so 
fiir as was observed, exercise any influence on the disease. In the coast 
plains dead or dying vines are not infregueiit, though such wholesale de- 
struction as occurs in the hills was not seen. Propagation is by cuttings, and 
the hill plantations were supplied with their seed cuttings from the plains ; 
the abrupt transition to a different climate may have had some effect in 
weakening the vitality of the plants. 

In a healthy full-grown vine the trunk of the standard is entirely hidden 
in a mass of foliage (Plate IV). This arises from a number of climbing 
stems which closely embrace the standard and secure themselves to it by ^ 

numerous tufts of aerial lateral roots. When such a vine becomes diseased, \ 

the first symptom noticed is an appearance which was described to me as a ;j 

staring ’ look about the vine. This is due to a loss of rigidity in the leaves I 

and leaf stalks, resulting in their drooping. With the collapse of the leaves 
the dense covering of foliage becomes diminished, and the stalks of the vine 
and patches of the trunk of the standard come into view. The next notice- 
able thing is that a portion of the climbing steins fall away from the 
standard, as a result of the death of the clinging roots and consequent 
relaxation of their grip. Soon the leaves begin to turn yellow, and numbers 

of them are shed. Later all the vine withers, and the standard remains 
lightly festooned with dead, relaxed stalks bearing a few dried leaves, as 

shown in Plate V. While the upper part of the vine makes no attempt at 

recovery, the lower part often retains sufficient vitality to form new leaves, or 
even to throw out fresh shoots. But these in their turn succumb, and I have 
not come across any case of recovery once the leaf-dropping has commenced. 

A disease with exactly these symptoms is known on pepper in Cochin 

China and Java, and appears to have attracted attention at about the same 

time as that in India. In the Java Journal Teysmannia ’’ two articles on 
it have been written by Professor W. Zimmermann and Dr. Van Breda de 
Haan. Both ascribe its origin to the little parasitic worm lleterodeva 
radieicola, the common root eelwonn. In the second of these papers a very 
full account is given of its suggested mode of action, and Dr. de Haan 
considers that it does not directly cause the death of the vines, but opens a 
way to other rotting organisms such as bacteria. Mr. Barber, Government 
Botanist, Madras, who studied the Wymaad disease in 11^03, also considered 
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that this worm was concerned, but did not assign to it the same degree of 
importance as the Java .scientists, for he held that several causes contributed 
to the death of the vines, sometimes one being more prominent than another. 
That Ileterodem is capable of killing plants is well known. But it is fairly 
common on the roots of cultivated plants, sometimes invading plant houses 
conservatories and the like to such an extent that a large proportion of the 
plants may be affected. It does not, by itself, often cause death in these 
eases, and I think with Dr. de Haan that in most instances it merely weakens 
the root system, by exposing it to the attacks of other organisms. It is 
common, but by no means always present, on the roots of dead and dying 
pepper vines, and if it is to be considered the active cause of disease, can 
only be .so in a certain proportion of cases. Certainly, as both Dr. de 
Haan and Mr. Barber point out, the pepper plant is less able to meet its 
attacks than many others. It is largely a surface feeder, and the roots tend 
to become collected in the mound which is usually, in the Wynaad, built 
up round the base of the stem. Once the parasite becomes established here, 
it meets with ideal conditions for its multiplication. The larvm have only 
a short way to travel to meet with fresh roots, and the whole of the 
mound rapidly becomes infested. Moreover, the power which plants possess 
of healing wounds by the formation of protective tissues at the damaged part 
is shared in by pepper only to a limited extent. A morbid process is easily 
induced by any injury, resulting in the growth of large galls and cankers 
composed of tissues which break down and decompose readily. These 
tumours are common on the roots of cultivated vines and are one of the most 
remarkable features of their structure. They are often associated with the 
attacks of Heterodera, but not always, for they may develop above ground in 
parts which the worm cannot reach. Another circumstance which places the 
pepper vine at a disadvantage is the fact that it does not appear able easily 
to form new roots to replace the old. These marks of weakened vitality are 
probably to be traced, in part at least, to the practice of propagating always 
by cuttings. It is well known that plants reproduced in this manner, or 
from tubers or grafts, show less power of resisting disease than when grown 
from seed. And it is easy to see that when vines of lowered vitality become 
severely attacked by Hetewdera, any sudden or severe strain, such as is 
induced by an unfavourable season, may cause death. But the uniformity of 
symptoms in the Wynaad disease, and the fact that the vines in some estates 
have been destroyed almost without an exception, altogether independently 
of the degree of Heterodera infection or canker, shows, I think, that we must 
look further for the primary cause of the disease. This I believe I have 
found in a parasitic fungus, similar to that described above. 



PLATE IV. 


Healthy Pepper Vine* 




E. J. BUTLER. 


^ The wilt-produeingfo^^^ thisgronp are often difficult of detection. 
_ he cause of flax sickness, for instance, escaped notice for many years. This 
IS due to their existence chiefly in the imperfect state, which is similar to that 
of several common soil fungi, and to the rare production of the characteristic 
red perfect form Ihe pepper wilt is an exception in this respect, for at 
oer tain funes of the year the red spore-cases appear in large numbers on the 
ai . of the dead vines. I was fortunate enough to visit Wynaad at a time 
when this form was appearing in full vigour, and it was found on a consider- 
able proportimi of wilted plants. In every dead or dying plant examined 
the internal form was found, and in many cases the little Cephalosporium 
spores were observed on the threads in the vessels. Externally both 
Gephalosponum and Fusarnmi forms were always produced on the bark 
though in much smaller degree than in the case of the arhar wilt. Oulture.s 
of all these forms were obtained for study and their connection established, 
hrom the Wedria spores all the other three spore-forms described above 
under the arhar wilt were produced, and in one case the JFectria was 
obtained from some Cephalosporium spores formed on the bark. In all 

the stages the fungus proved to be indistinguishable from that of the 
arhar wilt. 

A careful examination of the roots of diseased vines disclosed the same 
pathological conditions as are found in other wilt diseases caused by fungi of 
this group. Where Heterodera was absent, or found only in insignificant 
quantity, the resemblance was close. Certain roots only rot in the earlier 
stages. These are blackened, and the blackening extends into the base of 

the stem. But the cause of the rot is much less sharply defined than in the 
arhar disease, for the pepper vine has the misfortune to possess very delicate 
tissues which are rapidly killed and become a swarming mass of putrefyino- 
oiganisms. However, here also, extension of the fungus occurs much more 
rapidly through the vessels than elsewhere, and the fungus web may be ob- 
tained in parts which lie outside the rotting tissues, causing, as usual 
blackened streaks outlining the portion of the vascular system infected. At 
the^ same time an abundant formation of gum or oil takes place, and the 
ca,vities even of uninfected vessels are loaded with this, so that the circulation 
of water is much obstructed. 

The fungus must under these conditions be carefully distinguished 
from another, which is found sometimes in vines apparently in perfect health. 

The latter runs in long transparent threads through the vessels of every 
part of the plant, but produces no symptoms whatever and does not tend 
to choke the vessels by branching into a web. Vines containing quantities 
of this fungus have been kept under observation for more than a year, and 
^ ■ * 3 



licivc (lovelopecl no signs of disease. There is not the same excessive 
pro<hiction of gum as above mentioned^ and the flow of water is apparently 
not interfered wdth. 

All the symptoms of the disease point most definitely to an obstroC” 
tion of the water-supply from below. In most plants a partial destruction 
of the roots is followed by withering of the top, while the lower branches 
may remain green for a time. The diminished water is aj)parently all 
appropriated by the latter. In the pepper disease this is also the case, for 
the top usually is the first to siitfei*. In arhar, on the other hand, one or 
two branches towards the base usually die first, and dissection shows that 
the vessels of these branches arise from one or more dead roots. Here 
there appears to be a definite connection between individual roots and 
corresponding branches, whicli is not evident in pepper. This is the only 
distinction between the two diseases and, as I liavo said, ])roha}>ly 
depends on anatomical structure. 

In affected estates it can often be o))servod that the symptoms develop 
very differently according to the time of tlie year and the conditions under 
which the vines are growing. The disease becomes more intense during 
breaks in the rains and immediately after the monsoon. Expo.sed vines 
also go out more rapidly than those whicli are well shaded. The reasons for 
this are simple. In moist weather or under dense shade, transpiration, or 
tlie giving off of water vapour from tlie leaves, is feeble, and the amount 
of water required from the soil is small. In these conditions the root 
disease may remain quiescent fora considerable time. But when warm, dry 
weathei. follows, the quantity of water given out is greatlv increased 
especially in imperfectly shaded localities, and the vines wilt rapidly. In 
the same way good cultivation, or anything tending to increase the root 
devdopment, or to retain the soil moisture near the surface, checks the 
1 apidit} of the attack. But I do not believe that favourable seasons or good 
cultivation can be expected to exercise more than a temporary effect, for 

once the fungus becomes establislied, there is nolhing to show tliat it is 
ever shaken off. 

To sum up, we have a disease resembling in its characters the wilt 
disease of aihai and clearly associated with interference with the proper 
functions of the roots. Attacking the latter we have two parasites, the 
eelworm Heterodera mdmcola and the JSWtrkt fungus. The former prodimes 
galls aiKl cankers winch lead to rottmg of a portion of the roots, sufficient 

in ac cases to cause withering when the vines are exposed to unfavour- 
able conditions, such as drought. But it is present in large numbers only 
on a certain proportion of diseased vines, and may be quite rare on some 
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i\liich liave never llieless died with diaracfceidstic sj^mptonis. The latter— the 
.y^ectna. fongiis— was found on every diseased vine examined. It is botaiiically 
identical with the fiiiigiis which we know from inoculations to be the cause 
of the arbar wilt, and the vines die in a manner closely resembling the latter. 
Therefore, though not demonstrated by inoculation it is, 1 think/ sufficiently 
established for practical purposes that it is the |)rimary cause of the disease. 
It is, as one planter expressed it, “*a known bad character found loitering,’’ 
and the resiiUs bear a close resemblance to its handiwork elsewhere. i\nd 
as such ’sve are justified in charging* it with the crime. 

In considering what can be done to deal with this unfortunate state 
of affairs in a once most promising industry, the same general principles 
must guide us as hold good for the arhar wilt. Direct treatment is little 
likely to be successful. Rotation is, of course, out of (:he question with a 
perennial plant like pepper, and it seems that the only chance lies in the 
introduction of fresh varieties into cultivation. Unlike arhar, a considerable 
number of varieties of pepper occur in South-East India. I came across at, 
least four, distinguished by vernacular names in the Wynaad. Others are 
prol)ably cultivated in Kanara, Mysore and the Malabar plains. Wild 
varieties are met with in the jungles. Thus the materials with which a 
start can be made are more promising than in the case of arliar. But the work 
must be far more tedious wliere the plant under study is a slow-growing 
perennial than with an annual, and results cannot be expected fora long 
time to come. The disease itself also requires much more extended study 
than it has received. Botli these objects have been provided for in a recent 
step taken by the Madras Government. An experimental pepper farm has 
been founded at Taliperainba in Malabar intended for the study of the 
different varieties of pepper and for the investigation of the disease. It is not 
too much to say that the resuscitation of a threatened industry is largely 
bound up in the results which may be obtained at this farm. 

A few words may be added concerning other diseases of a similar nature 
caused by this class of parasitic fungi in India. In none but those above 
described has the perfect form of the parasite been met with, so that tlieir 
identity is doubtful. But in all, excepting gram, the FnsaTiiim and Cepha-- 
losporiitm forms have been found, and the effects on the plant are similar in 
their main outlines. The most important from the economic point of view 
is the cotton wilt, reported from the Punjab in the last two years. The 
disease spread to bhindi {Hibiscus esciilentiis) at the Lyallpur farm in 1905, 
and as this plant is also attacked by the fungus producing the cotton wilt 
disease of the United States, there is much reason to fear that the two 
diseases are identical. Eortunately, I think that it is not widely distributed 
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ill this country, for I have not met with it elsewhere ; and unless it should 
happen to have been introduced recently, this fact rather indicates that condi- 
tions are not fixvourable for its spread in India. 13eccan hemp (Ilihiscus 
ccmnahimis) was attacked by a similar disease in the Calcutta Botanic 
Gardens in 1904 and a number of plants were killed. Wilts of fennel 
{Fa^nioulum vulgare) and soy bean {Glycine Soja) were found in Coimbatore 
District (Madras Presidency) in the same year, the former especially causing 
considerable damage, for the crop is a common one in homestead lands, 
and a number of the fields seen bore large patches of withered plants. Gram 
is said to be severely affected in Bombay, if often resown on the same land, 
but in the specimens which I have examined a Cephalosporium fungus 
alone was found. It appe.ars probable that these diseases are more common 
than is usually thought, for though the only other country which has report- 
ed a considerable number is the United States, this is probably due to the 
difficulty often experienced in detecting the parasite. The evidence avail- 
able from the United States, where nearly twenty different species of plants 
are affected, and India, where seven or eight have already been found, seems 
to show that there exists a large homogeneous group of diseases induced by 
closely related parasitic soil fungi, and the study of any one of these may be 
expected to throw light on the others. 

EXPLANATION OF THE PLATES. 

Plate I.—Porfcion of a rafcooned diseased crop of arhar where the healthy plants are being 
rapidly invaded from all sides. From a photograph. 

Plate II, Fig. 1.— Stem of a diseased plant of arhar in the early stages .showing the blackened 
streaks leading from the affected roots a to a withered branch h. Fig. *2 — Roots of a wilted 
arhar seedling showing parts of several roots attacked at a, a. Fig. 3.— A portion of the 
■wood of a wilted arhar plant showing the water ducts v) occupied by fungus tlireads. In c 
a couple of Cephalosporium spores have been produced within the vessel. Fig. 4~Cephalo- 
sporiutn form of the pepper wilt fungus. Fig. 5— Fusarium form of the arhar fungus. 
Fig. 6— Fusarium of the pepper fungus. 

Plate III, Fig. L—Nectria form of the pepper wilt fungus magnified six times. Fig. 2— 
Nectria form of the arhar wilt fungus magnified three times. Fig. 3— Spore case {Peritheeiuui) 
of the arhar fungus more highly magnified. Fig. 4— Spore case (Peritheeium) of the pepper 
fungus. Fig. 5, —Spore case of the pepper fungus cut across showing the little sacks contain- 
ing spores. Fig. 6— Some of the spore sacks more highly magnified. 

Plate I V.-Healthy pepper vine thickly clothing the trunk of its standard. Drawn from a 
photograph. 

Plate V.— Wilted pepper vine in the same estate drawn from b. photograph. 


CONDITIONS DBTEEMINING THE AREA SOWN 
WITH COTTON IN THE UNITED PROVINCES. 


By W. H. MORELAND, 


B.A., C.I.B, 


Birector of Land Records and Agriculture, United Provinces. 

IJT years when local supplies of cotton fall short of the demand, I am 
frequently asked by merchants and manufacturers why larger parts of the 
provinces do not grow cotton, and why the cotton-growing tracts do not put 
down a arger area. Ihe answers to both questions are of some interest not 
only to those engaged in the cotton industry, but to students of the agriculture 

0 the provinces I propose to examine them in the light of the statistics 
wliich are available Since I 860 - 

^ A word of explanation is necessary as to the meaning of the area figures 
used in this note. In the old returns ihe area recorded as sown with c!tton 
IS thesum of the areas of all fields on which cotton was grown, either as a sole 
crop or mixed with other staples. For some years past, however, the pub- 

cotto! by other crops mixed with 

CO ton: thus If 20 acres are reported to be sown with cotton mixed with 

ailmr, only lb acres will be shown in the returns as sown with cotton, the 

lemammg four acres being entered under arhar. Opinions differ as to the 

advantages of this procedure, but the question need not be discussed here 
itis sufficienttopoint out that materials do not exist which would render 

possible a reduction of the older figures to the newer system, so -that it is 

necessary to adhere to the older system throughout, in order that the fioa,es 
given may be comparable. All the area figures given in this paper represent. 

It ore, e total area of the fields on which cotton was sown, whether as a 

CCunf I' -dded that the figures given take no 

account of the small area sown with cotton in Oudh, as statistics for the Oudh 

districts are not available for the earlier portion of the period under 
review- ^ 
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The distribntioii of the cotton area in the provinces cun be seen from 
this table 

Table L 

hhlrUmtion of the Cotton area in the Proiunce of Affra. 


Tract. 


Meerut and Agi’a divisions 
Allahabad division 

Total cotton tracts 

Roliilkhand 
Rest of province 

Total non-cotton tracts 


Percentage of total area sown in 


1865. 

1870. 

1900. 

1904. 

45 

50 

58 

67 

35 

33 

30 

23 

80 

83 

oo 

GC 

90 

16 ' 

14 

11 

9~ 

4 

1 , 3 

1 

' 1 

20 

17 

12 

10 


There are two well-defiiied cotton tracts, the upper and middle duah^ 
containing the Agra and Meerut divisions, and the Allahabad division which 
includes both the lower duab and the country south of the Jumna 
known as Bundelkhand. The table shows that the percentage of the whole 
cotton area which lies in the cotton tracts has risen during the period under 
consideration from 80 to 90 ; the proportion is really perhaps slightly higher, 
as in 1904 (the last year given in the table) there were special hindrances to 
sowing in Bundelkhand. It will be seen then that the tendency is to coniine 
the cotton area within certain tracts. This tendency is seen in the ease of 
some other crops also, notably sugarcane, and it finds a ready explanation in 
the development of trade and communications wliich has been so marked 
during the period unJer review. At its coinmencement railway, 
and trade was still carried mostly on the rivers, while large 
landlocked. Cotton was then grown to a small extent all over the country 
for consumption in tlie villages, even when local conditions were 
unfavourable to the crop : this still occurs, but more and more people 
whose climate or soil is not well adapted to cotton are taking to purchase 
the^ supplies winch they need, and which the railways bring within 
their reach. There is every reason to suppose that this process of conceii- 
tiation will continue, and that the production in the submontane and eastern 
districts, already trifling, will still further diminish. It appears to be possible 
that if prices are maintained at a certain level, the cotton-tract may extend 
some distance northward across the Ganges, that is in south Rohilkliand and 
in a portion of south Oudh ; but no increased production can be expected in 
the future from the bulk of the area classed in Table I as nomcotton tracts 


ri were rare 
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unless the lev^el of prices shoiikl be perimmeiitlj raised by a sobstaiitial 
amount. 

Apart from fche eoiiditions of soil and climate, there is an artificial factor 
that tends to confine the growth of cotton to certain definite tracts. It is 
generally recognised that the shortness of the growing season is a serious 
handicap to cotton growers in these provinces : this evil can be met to some 
extent by sowing with irrigation before the rains break, a practice that has 
other advantages also, for it the plants get a good start they may escape 
injury from the heavy rain that is usimllj^ received in July, while the prolon- 
gation of the tillage season, enables the cultivator to do greater justice to all 
his land alike. But the irrigation must come from canals ; lifting water 
{roni wells in May and June is ruinous to the cattle employed, and the rapi- 
I dity of evaporation makes the practice unprofitable, if not impracticable, in 

all ordinary cases. Now, the dicah^ the chief cotton-tract, is very copiously 
provided with canal water, and here the practice of early sowing is spreading 
rapidly, while the recent reduction'^' in the water-rates charged on this crop, 
will undoubtedly accelerate this most desirable development in agricultural 
practice. In the other cotton-tract, Buiidelkhand, canal water is not yet 
available in the sowing season, but it is hoped that the works now in progress 
will suffice to provide a supply in a few years’ time, and then early sowdng, 
and probably the total area, may be expected to increase. The canals thus 
give a differential advantage to the cotton-grower whose land lies within 
their scope, and this advantage must gradually tel! on the distribution of the 
area. 

The considerations that determine the area sown in the cotton-tracts in 
any year are, perhaps, more complex tlian those which govern the distribution 
of the crop over the provinces as a whole. The area is governed by the 
action of a very large number of individuals, not very well informed, and 
somewhat exposed to the influence of fashion and of prejudice. It is not, 
therefore, to be expected that every variation from year to year can be 
explained by facts on the official record. At the same time it is possible to 
state with some approach to precision, the main motives that govern the 
action of the individual cultivator, and even to measure by statistics the 
variations in weight of these motives in different years. 

When a cultivator sets to work to plan out his autumn campaign, his 
first object is to provide enough food to carry his family and his labourers 
over to the next harvest, and perhaps a little beyond ; therefore the area that 
he will devote to crops intended for the market, will depend mainly on the 

* With effect from 1905 the water-rates on cotton have been reduced by one-tliinl throngh- 
out the cotton- tract. —W. H. M. 
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stock of food within his reach at the time of sowing. Kow, putting aside the 
special cases of individuals, it is fair to say that the condition of the mass of 
the cultivators in this respect can be generalised ; in some years they have 
much more food than others, so that a rough measure of the areas that will 
be devoted to crops for the market in any tract can be obtained from a record 
of the food-stocks available in the tract at sowing time. There is no more 
liopeless problem in Indian statistics than to determine actual food-stocks, 
but fortunately this is unnecessary for our present purpose : it is sufficient 
if we can discover an index to fluctuations in stocks, without reference to 
their actual amount, and such an index lies ready to hand in the price of 
wheat prevailing in local markets. It is well known that in Upper India 
the prices of all food-grains taken together follow the price of wheat, so that 
if price-curves are plotted, the shape of the wheat-curve is almost exactly 
similar to that of the curve for all other grains. It follows that the wheat- 
curve can safely be used, except, perhaps, in seasons of acute distress, as a 
guide to fluctuations in food-stocks. 

But this is not the whole question. Having measured the motives 
that determine the area of crops for the market, we have still to measure 
those that govern the sowing of cotton rather than of some other market 
crop. There are of course large numbers of cultivators who will sow cotton 
in almost any circumstances, but the area they sow will depend to some 
extent on the return expected, while there are also large numbers who will 
sow cotton only if they think it will pay them better than other crops. 
Thus the main motive is measured not so much by the price of cotton as by 
the ratio between the price of cotton and that of other market crops. The 
ordinary cultivator is not able to look far ahead, and so far as ^ve can 
discover he is guided largely by the prices prevailing at the time he is 
planning his campaign, that is, by the prices of tlie last })receding crop ; but 
he has a good memory, and the after-effects of a period of high profits or 
of losses can be observed for a long succession of years. 

If then the sowing season itself were not liable to fluctuations, we miglit 
expect that it would be possible to trace a fairly close connection between th<‘ 
aiea sown and the ratio of cotton-prices to prices of other produce ; but unfor- 
tunately the question is complicated by accidents of season. It has been pointed 
out above that the growing season in these provinces is really too short for 
cotton ; if, therefore, anything happens to interfere with the sowing of eottoi] 
at the beginning of the season, the cultivator revises his plans and sows 
some crop that will succeed when sown later. This fact is very clearly 
established by a long series of statistics ; whenever the rains are late, or 
whenever they are so continuous at the start as to retard sowings, the 
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proportion of cotton to other autumn crops falls materially, so that it is 

a wa;^s safe to estimate that if the rains are not established by the beo-b- 

nmg of July, the cotton area will he lower than would otherwise be^’the 

case. 

The evidence on which the foregoing remarks are based is summarised 

111 the next table : — 

Table II. 

Arm sotm wM cofion in the last 44 years, with ratios of cotton prices 

to loheat prices. 


Area 

(thousands of 
acres). 


prices. 


Area 

(thousands of 


IS table shows for the last forty-four years the area sown with cotton and 
the ratio which the price of an acre of cotton bore to an acre of wheat in 
the sowing season of each year ; the ratio is calculated by taking the market 
prices a Oawnpore of cotton and of wheat, and appljung fhem to the 
noiinal outturn per acre, the term “normal” denoting the outturn that 
cultivator expects to get and that influences his calculations. It will be 
seen tha this ratio is calculated to measure the resultant of the two principal 

motives that influence the cultivator in regard to sowing cotton. If foidl 

“ f f of wheat is high, and the 

hW 7" P"-<»s mny thms.bes be 

,i„ bi .-e’dLed lt: ;„:ar 

crop, rrhJe .f it is b, theUSe rarKlO 
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deootes that an acre of cofcfcoii brings the same price as an acre of wheat ; 
150 means that an acre of cotton fetches l-J times the price of an acre of 
wheats and so on. 

The first five years dealt with in this table cover the “ boom and the 
“ slump ” connected with the Civil War in the United States. It will be 
observed that the area did not respond at once to the famine prices of 1863, 
blit that in 1864 an enormous area was sown. Some district officers at the 
time took credit for the increased area in their districts ; how far their 
action was really etfective, is a matter that need not now be determined, but 
it is probable thnt most of the increase was doe to the hope that the high 
prices had come to stay. This hope was disappointed, for that year’s crop 
sold at prices which left no profit, and in 1865 the area fell by one-half. 

It is difficult to speak with certainty about matters that occurred so 
long ago, but from conversations with men who remember the time, I have 
formed the idea that the effects of this “slump ” on the imagination of the 
people was very great, and that the cotton crop became very unpopular for 
at least a decade. If we omit the year 1868, for which prices are not 
available, it will be seen that in the 24 years up to 1890 cotton was more 
valuable than wheat in 16 years, but that the area ruled low until 1876 ; 
at that time the ratio had been above 100 in eight of the ten years that had 
elapsed since the slump and below it in two only ; in the eight years it had 
averaged 143 (or nearly three to two), and the average area sown in these 
years was 1,147,000 acres, while in the remaining two years the ratio 

averaged 89, and the area 9,63,000 acres. Thus, years of high ratio had 

higher areas than years of low ratio, in accordance with what might be 
expected, but the areas in high and low years alike, were less than the 
gradual development of the provinces gave reason to expect. 

The year 1877 forms an abrupt break in the statistics ; in some parts of 
the cotton tracts there wore literally no rains at all, and no conclusion can he 
drawn from the area figures. After this year it appears that the unpopularity 
of the crop was giving way before the series of high ratios that had followed 
the slump, and in the decade from , 1881 to 1890 the standard was about 

li million acres. In the thirteen years from 1878 to 1890, the ratio wtis 

above parity in seven ; in these it averaged 122 and the area averaged 

1.543.000 acres : while in six years the ratio averaged 90, and tlie ar(ni 

1.468.000 acres. Here again the years of low ratio are years of compara- 
tively low area, but the fact that the area in them was not still lower must 
be attributed to the renewed popularity of the crop. Over the whole thirteen 
years the average ratio was only just above parity, but the steady high prices 
of thepievious decade had established the custom or fashion of sowing cotton. 
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At last, however, this popularity began to wane ; from 1887 to 181)0 
prices w^ere unsatisfactory, and after the latter year, a marked drop in tlie 
area is apparent ; it was undoubtedly aided by unfavourable sowing seasons, 
as the rains were very late both in 1891 and 1892, but in 1893 with a favour- 
able season the area was much lower than the experience of the eighties 
would have suggested. The years from 1891 to 1904 are, on the wdiole, a 
period of low ratios : the ratio was above 100 in only four, wlien it averaged 
121, and the area averaged 1,343,000 acres : wliile it was 100 or less in teii, 
averaging 82, with an area averaging 1,196,000 acres. 

Comparing the areas in the two sets of years of high ratios, it is seen 
that in the first a ratio of 122 brought out an annual area of over 1-| million 
acres, while in the second a practically equal ratio (121) brought out 200,000 
* acres less : this difterence is the measure of the cumulative effect of a series 

of years, of success in the first case and of failure in the second. The 
disparity between the two sets of years of low ratios is even more 
pronounced, but part of it is attributable to bad sowdng seasons, as the rains 
have been late in the later period much more frequently than past experience 
would have suggested. 

The table then seems to show that the area tends to fluctuate from year 
to year in accordance witli the ratios of prices, but that the cumulative effect 
of a series of years of high or low ratios, is a most important factor in deter- 
mining the absolute area, as distinct from the fluctuations. It is here that the 
^ motives which 1 have described as fashion and prejudice come into play. 

It will be seen then that at the present time cotton has a good deal of 
prejudice to live down ; for nearly a decade the ratio lias stayed below parity, 

[ and in 1904 when it rose to a point higher than for 19 years past, the area 

was roughly million acres below what the experience of the later eighties 
would have suggested. Whether the prejudice will last for a decade on this 
occasion remains to be seen ; there are grounds for hoping that the redaction 
of water-rates and the extension of the canal systems, will counteract the 
effects of the past range of low prices, and possibly the effects of custom 
may not last so long. But the fact remains that the experience of the last 
decade must act as a drag on expansion for many years to come. 



THE SAMALKOTA StIGAKCANE FARM. 

By C. A. BARBER, m.a., 

Botanist to the Government of Madras. 

In giving an account of the sugarcane work at Sainalkota, it is advisable 
first to trace the origin of the farm. Upon the Government Botanist’s 
arrival in the country in 1898, a serious disease of a somewhat obscure nature 
was found present in the fields. The number of acres under cane in the 
Godaveri Delta, one of the richest cane-growing areas in Madras, had greatly 
decreased, and the export trade of jaggery from the port of Coeanada had 
seriously declined and was threatened with extinction. Under these circum- 
stances, the Government Botanist was early deputed to make an investigation 
of the disease. This was determined to be caused by a parasitic fungus, 
Colletotrickiim falcatum^ well known in Java and the West Indies. 

During his inspection of the fields, he was led to form certain views 
regarding the spread of the disease at variance with those usually adopted, 
and as it was impossible to test the matter at issue in the ordinary ryots’ ciil- 
tivation, it was suggested that a few acres of land should be rented from the 
ryots and the disease studied on the spot. This proposal met -with the 
approval of Government, and in April 1902, five acres of land were planted 
with sugarcane, and placed in the Government Botanist’s charge. 

The conclusions arrived at before the establishment of the farm were as 
follows : — 

(1) That the disease was an internal one, in the sense that it passed from 
generation to generation inside the plant. The rarity of spore-formation and 
the extremely scattered nature of the small sugarcane gardens in the district, 
together with the slow but steady spread of the disease, appeared to discount 
the idea prevalent in the West Indies, that the disease was chiefly spread 
by the wind. 

(2) That where the disease was spread from plant to plant, it was mainly 
through infected soil, or by the water channels into which the rotten canes 
were usually thrown* 
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(3) That the surest way to induce the disease to make its appearance 
was to plant the canes in a water-logged site. That no cane could withstand 
he disease when constantly submerged or kept in swampy ground, as was 
the custom of the ryot. That the ryot, in fact, had given way to careless 
cultivation because of his abundant water-supply, and had treated the sugar- 
cane m much the same way as he did paddy. Instead of incurring the 

aioui 0 digging and aerating his land, he swamped it with water and 

worked it in puddle. 

(4) It came to light, moreover, that it was no new thing for a favourite 

cane to be swept away by disease. Successive canes had held favour in the 
district during the past forty years, each in turn growing luxuriantly and 
bringing wealth, but after a few years becoming diseased and causin/wide- 
spread loss. It_ was evident that bad cultivation was the cause of all 
this ; the constitution of each cane had been broken in turn by the ever 
present fungus, until all the plants of that kind in the district were 

.These beliefs have guided the work of the farm. The main object of 
the farm, was obviously to resuscitate this dying industry, and the various 
experiinen s which have been tried during the three years of its existence 
^ave had this point in view. Fresh land has been rented from the ryot year 
by year and the canes have, therefore, been planted in strictly normal condi 
.ons (.to, paddy i. puddle), but all wallers of drainage have been attended 
to wUb tie most aealous oare. Tbe most careful scrutiny of the sets planted 
has been maintained year by year, and all with the faintest visible trace of 
disease rejected. The result has been, that in the freshly planted land, disease 
has decreased each year in the canes, the farm always being the most healthy 
garden of the neighbourhood. 

The first canes planted were such local varieties as could be got tof^ether 
to which were added five varieties kindly contributed by Mr. Mollison from’ 

Bombay. In the second year of the farm’s existence attention was drawn 
to the presence of a small field of canes at Vixianagram (about a hundred miles 
north of the farm), which had been introduced from Mauritius four years nre 
viously, and which had been allowed to run wild. These were careMly^one 
oyer, and such varieties as seemed to be of merit, were introduced intothe 
taim In the third year various canes were added from different parts of the 

country, including the ZlyVi and femsara of Bengal. 

The introduction of these new canes, and the collection, side by side 

tF t f indigenous varieties, resulted in the settled conviction 

la he whole of the local cane flora with its many varieties was permeated bv 
disease, and that salvation was to be obtained by the discovery of immune 
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Tariotios. The iniprovemenfc of tlio lyots’ cuU.ivation is a niaitei- ))oyonrl tlio 
scope of a few years’ aorienlfcnral experiments. 

Ft is notewortliy that in the main varietal [)]ots, wliereas in the first 
year, nine local varieties were tested, tliese have now laeen rediujed to three, 
all the rest having proved (generally speaking in their ratoon growth) that 
they were hopelessly diseased. The work on the farm is now largely carried 
on with varieties new to the district. 

The two main lines of work have become, firstly, the selection of hardy 
varieties of good sugar content and the distribution of these to the ryot ; 
secondly, the discovery and even production of new forms to take the places 
of those already distributed and destroyed by the lyots’ methods. 

The farm was commenced under great difficulties. There were local 
troubles as regards labour during the first year and a half. There were no less 
than six changes of management in the same period. In each year the land 
had to be hastily acquired at a high rental and with insufficient time for 
preparation. On the other hand, the farm was extremely fortunate in the 
canes sent over by Mr. Mollison, for to one of these canes, as will be 
seen, it owes its present success. Its future power and usefulness is guaran- 
teed by the unique case referred to above of that field of canes in Viziana- 
gram, where some twenty kinds of Mauritius canes of good quality had been 
introduced four years previously, and allowed to fight it out under adverse 
conditions in a new country. Of the twenty canes introduced, about one-half 
have succumbed, two or three have practically monopolised the field, and 
sports and reversions have occurred abundantly. 

It was noted early in the history of the farm that one of the varieties 
from Bombay, the Bed Manntivs^ showed good germinating power and 
healthy growth. It was analysed at the end of the first year and the juice was 
found to be fairly good. It is an axiom in cane-improvement, that no cane 
should be distributed from an experimental farm, until it has been thorough] y 
examined and tested for a number of years. But the matter was urgent, and 
the previous good character of the Bed Mavvkius in Bombay was allowed lo 
have weight. Accordingly, at the end of the first year, sufficient sets to 
plant one-tenth acre plots were distributed to two ryots, under binding condi- 
tions that if so directed, they should boil the whole into jaggery. The power 
was thus retained of withdrawing the cane from circulation if desired. 

During the second year the Red Mauritius sustained its character both in 
the plant canes and in the ratoons on the farm. At the end of the second 
year it was widely advertised both in the village sheet of the District Gazette 
and in the local papers, as well as by emissaries, sent through tlie villages 
with samples of the canes. About eighty applications wore received. In its 
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distribution it was sent to various parts of all the six taluks of the District. 
During the third year every one of the plots thus planted was twice in.spected, 
the opportunity being taken for directing the ryots in their mode of cul- 
tivation. The result of this action was recently seen in widespread clamour 
for more seed. Hardly any Hed Mauritms cane was made into jaggery, and 
far more applications were received than the farm could possibly Talisfy, the 

•seed changing hands in .some cases at very high price, s. 

The first step towards the resuscitation of the industry has thus been suc- 
cessfully taken. A new cane, of good general character, has been placed be- 
fore the ryot and he has eagerly taken it up. But this work of distribution 
has merely been commenced, and though certain rj-ots-and even villaoes, have 
declared that they will adopt the farm methods of cultivation, the great bulk 
of the ryots have as yet been in this respect untouched. There is hardly a 
village where the new cane cannot be obtained, but it is being subjected to 
the ruinous and wasteful water-logging of the district. How long its con- 
stitution will stand the .strain is doubtful. 

But meanwhile, other canes are being pushed forward on the farm to 
take its place. After reviewing the inspection results of the Red Mauritius 
plots referred to above, one ryot in each taluk was selected, because of their 
intelligent attempt at following the farm practice, and to them have been 
entrusted two more canes, the White Mauritius and the Striped Mauritius 
for experimental trial during the year, under the same binding agreeineiiJ 
These six ryots will be vi, sited during the year, and the result of the 
inspections will be made use of in the next year’s distribution. It may be 
noted that the Striped Mauritius appears to be superior to the Red Mauritius 
in every respect except tillering power. It germinates well, grows to a m-eat 

height, gives a heavy outturn, has very rich juice, and makes excellent 
jaggery. 

Following this method, the farm is exerting itself more and more to 
produce a succession of good hardy cane.s. The Ashy Mauritms is probably 
slightly better than the diaim’tha, and all of them are apparently left 

le find by a new cane, a “sport” which has been analysed this ymar for the 

firsttime Thesecanes will have the advantage of a longer trial, and it is 
loped that 1 wdl ,n tune be pos.sible, vvith certam to make a new cane 
available whenever it is desired. Seedling canes are not being neglected. 
Iwo varieties received from Barbados are now being acclimatised in an are. 
apart from the farm. Fifty-two boxes of arrows have been put down during 
le as WO yeai s to obtain Indian seedlings. The results have not been 
satisfactory, as the fierce dry heat of the Coromandel Coast at the time of 

oweiing, IS probably too much for the delicate germ. Two seedlings were 
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obtained this year, but unfortunately succxunbed after a few weeks’ growth. 
It has been soraetliing, however, to determine that the ovary of the sugarcane 
is fertile in India. 

B’inally, an attempt is being made to raise resistant varieties of those 
canes which have gone under in the past. The principle of this is simple 
enough. Wherever in a patch of diseased canes, one or two healthy shoots 
are .seen, these are marked, and later carried as seed to the “ disease plot.” 
Here the soil is purposely infected, rejected diseased cuttings are planted, 
and the plot is badly treated generally. The introduced stools mostly go 
under, but by repeating the process it is hoped that a more hardy strain may 
ultimately be obtained. The degenerate local kinds have some of them an 
excellent parentage, and there is no reason why, in time, success may not 
attend this mode of procedure. 

Samalkota farm is purely local. It was started for the definite purpose 
of throwing fresh blood into the local cultivation. Incidentally, it will per- 
form other°functions. The ten best varieties have been sent down to South 
Aroot to form a new farm there, and the Red Mauritim and some other canes 
are already appearing in various parts of the country. 

But, besides this question of distribution, advantage has been taken of 
its existence thoroughly to study cane cultivation and jaggery production from 
every point of view. The results of these enquiries cannot be dealt with in 
the present paper. 

It has now been decided that the farm shall be made permanent, and 
thirty-six acres of land are being acquired for the purpose. This land, which 
is in a very rough condition, is being got into order, and permanent buildings 
are being erected. It may be possible on a future occasion to give some 
account of the various experiments being carried out on the farm. 


THE INSECT PESTS OF COTTON IN INDIA. 


By H. MAXWELL-LEFROY, m.a., f.z.s., p.e.s., 

Entomologist to the Go'^ernme^it of India. 

The cotton plant, like all other crop plants, has its pests, insects which 
lessen the yield and quality of the lint and seed, insects which destroy the 
pl<iHt and very materiallj’ affect the gross yield from ever}^ acre. In the 
United States and Egypt these pests have been studied, and, especially in the 
States, vigorous measures have been adopted to check them. This has not 
yet been done in India ; the results of investigation up to date are aceord- 
ingly set forth in the following pages, with a view to drawing attention to 
these pests and to the best lines of experiment in checking them. 

The annual value of cotton grown in India is stated to be in the 
neighbourhood of twenty million jwuiids sterling. The efforts that are now 
being made to improve the quality of the lint, to extend the area in cotton and 
to increase the yield per acre, are based upon improvements in the varieties 
, grown, in the methods of cultivation and manuring, and in the quality of the 

seed. Eess effort has been directed towards measures based upon cheeking the 
pests that now infest cotton throughout India, though it is probable that an 
improved quality of cotton, as welt as a much larger yield, will be obtained 
when more attention is directed to this object. It is difficult to estimate the 
aggregate loss in the value of this crop from insect pests ; the cotton grown 
in South Gujrat, Khandeish, and the Central Provinces is probably at least 
10, and more nearly 20 per cent., below tlie yield that would be obtained 
were the plants free of pests ; nor is this all, for the cotton that is picked is 
of poorer quality, and frequently stained by insect pests. 

Thei’e is a further important point in which the work of insects has been 
hitherto neglected ; many trials are being made of new varieties ; exotic 
cottons are being introduced and acclimatised ; hybrids are being produced : 
this work is done principally on experiment farms where insect pests are, from 
the nature of the farm, especially numerous. The results of these experiments 
and of these efforts at acclimatisation, are very seriously affected by insect 
pests, that is, by a factor that has up to now been somewhat , neglected. It is 
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possible to find two plants of the same variety of cotton growing within a 
luindred yards, the one a fine vigorous plant yielding freely, the other a tall, 
straggling unhealthy bush that never yields and eventually dies ; this is 
often the work of insect pests, which seriously affects such experiments. The 
efforts made to introduce cotton into Behar in recent years have been very 
materially affected by the insect pests, and this is a factor that must be 
reckoned with if such attempts are to be a success. 

The field study of cotton pests has not as yet extended into many cotton 
areas of India, but the enquiries have shown that the more important pests 
have a wide distribution in India, and in some cases in Ceylon and the 
Straits Settlements. 

A total of sixteen insects are now known which are pests of cotton, but 
we may eliminate ten, as not seriously affecting the cotton crop. Every crop 
has minoi- and occasional pests which have to be watched, as they may at any 
time become important ; these need not concern us here, and we may consider 
only the really important species. 

We may designate these pests by names similar to those in use else- 
where ; the cotton aphis differs in no essential from other aphides which 
attack crops throughout the world, and is clearly the equivalent of the same 
pest ill cotton in the United States. So also are the bollwomis ; in India 
there are three species of boilworm, which we may designate as the spotted 
bollworms, and (2) the pink boilworm ; these represent the notorious boll- 
worm of the States which, though common in India, does not attack cotton. 
There is also the Ked Cotton Bug, not the same species as the American 
Cotton Stainer, but similar in its effect on cotton. The cotton leaf caterpillar 
of the States is unknowai in India, and that of Egypt is a species which 
in India attacks tobacco or other crops ; these are represented by an insect 
not of sufficient importance for inclusion here. Nor is the Texas boll weevil 
represented in India ; in its place w^'e have the Stem Borer and the Stem 
Weevil, two pests whose importance is less than that of the notorious boll 
weevil, but which may still play an important part in cotton-growing in India. 

THE COTTON APHIS. {Flate VL) 

Whatever be the species or the plant attacked, aphis is generally 
familiar ; multitudes of small dark insects, each no larger than a small seed, 
grouped in myriads on the leaf and stalk ; they move but little, generally 
remaining motionless, the beak buried in the tissues ; from each there drops 
a liquid which, falling on the leaves below, produces a shiny gummy layer ; 
in England they are known as green fly ; in India as tela, motoha, meioa, 
fnahu, and the likct Looked at with a magnifying glass, one sees the legs, 
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the rounded body, the head with feelers, and, projecting from the hinder end, 
pair of short straight syphons. Some are winged, some are wingless. 
Ihere are many points of interest in their lives. In the warm climate of 
India, they are commonly viviparous, young being born alive and all 
females. Whether winged or wingless, the ordinary colony that multiplies 
so fast is composed wholly of females, producing young parthenogenetically 
at a rapid rate. The young is active and able to look after itself. In 
a few days it produces young and as all are females, the reproduction 
is^ amazingly large. When the colony is small and food plentiful, 
wingless females alone are produced; as the colony increases, winged 
ones are formed, ordinary young ones, which develop wings and presently fly 
off to a new plant to found a new colony. If all goes well, the small colony 
of to-day has in ten days covered several plants, and is daily spreading 
further over the field. The drain on the plants is very great and further 
growth becomes difficult. Instead of a healthy vigorous plant, we find 
a stunted growth unable to produce a full crop of good cotton. The 
net result is a small crop of poor cotton. But for natural checks on the 
pest, its increase during the favourable months would destroy the cotton ; 
natural checks there are in the form of Ladybird beetles, lacewing flies, the 
syrphus flies and the aphis parasite. As the colony grows large, these 
come and feed upon the aphis. They bi-eed among the colonies, and as they 
increase, so the aphis diminishes ; it becomes a fight in which slowly but 
surely the enemies of the aphis win. Having devoured the aphis in one 
place, they move in search of fresh colonies. We cannot overe.stimate the 
beneficial effect of these useful insects, and we can only wonder that the 
aphis ever becomes a pest. But it does not always happen that the bene- 
ficial insects come in time or in sufficient number. In spite of its enemies the 
aphis often becomes a most serious pest, especially under certain conditions. 
The cultivator says that “ Mahiia ” is a disease produced by cloudy weather ; 
two causes appear to lie at the root of this fact ; in cloudy weather the plant 
is apparently a more easy prey to the aphis, possibly because in the absence 
of sun the transpiration has become checked and the plant is turgid, possibly 
because the general vitality of the plant is simply lowered ; also in damp 
and cloudy weather the aphis itself thrives ; the winged aphis spread over the 
field and scatter ; their enemies do not find them^ and these flying individuals 
found colonies over a very large area ; each colony separately does not afford 
food for the increase of the useful insects, and in a short time there are 
numberless small colonies, the progeny of these flying females. Very soon 
these become large and extensive, when the Ladybird beetles and other 
insects come. The aphis has by this time got so good a start that its rat© 
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of increase is beyond the feeding capacity of the various enemies, and it is 
some time before the latter increase sufficiently to overtake the aphis. This 
struggle occurs frequently, circumstances sometimes fa%'Ouring the aphis, 
at others increasing the numbers of the various insects that prey upon it. 
If we could assist these useful insects, or bring them upon the scene in time, 
nature alone would do the work, but we cannot at present assist nature in 
this respect, (See Plate VII.) 

The significant factor is the healthy plant ; not only will a vigorous 
plant not succumb, but it will be less easily attacked. The moral is to grow 
only such cottons as are healthy enough to resist aphis. Most exotic cottons, 
and many Indian cottons growing in new localities, require to be acclima- 
tised ; a cotton acclimatised to one district in India is not necessarily proof 
against aphis in the next district, and in seasons of unfavourable climatic 
conditions no cotton is immune. When new cottons are to be introduced, it 
should be done only where artificial remedies can be applied to check the aphis. 
There is but one sound artificial remedy, spraying, and this must be relied on 
to keep dowm the aphis that will otherwise attack exotic cottons that are not 
fully healthy. The time may come when the cultivator will buy and use a 
two-rupee sprayer, but that time has not yet arrived ; till then it is necessary to 
acclimatise the cotton by the free use of the sprayer; at present no experimental 
cultivation of cotton should be done unless a sprayer can be used, and this 
remedy should be as much a part of routine work on an experimental farm as 
weeding or any other agricultural operation. 

THE RED COTTON BUG (Plate VIII,) 

Under the euphonious title, Dysdercus cingulaiiis,^ we have the common 
cotton Stainer, a near relative of the American insect, Dysdercus suturellus. 
This insect may be found on the cotton at all times, most abundantly when 
the bolls are forming and the crop is ripening. It is a common insect 
throughout the plains, feeding on many malvaceous plants and originating in 
the jungle. Under favourable circumstances it is abundant in the cotton 
fields and multiplies rapidly. 

The perfectly developed insect is a vivid red, with a black diamond 
mark on the wings and some white lines on the lower surface. It is known 
as Jliayiga or as Lalkiri^ but does not seem to have generally impressed itself 
on the cultivator. The female lays a mass of little round yellow eggs on 
the soil or on the cotton boll. F rom these come small active red insects 
which run about the plant, and cluster on leaves or bolls, sucking out the 
juice. They are readily found in open bolls or on green bolls, and, if there 
are no bolls, on the leaves. With plentiful food they develop rapidly, the 
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wings appearing as small black lobes on the back after the third niouU, 
and attaining their full development after the last. The full-grown insect 
rarely flies, but runs actively. Food is obtained by the long suctorial 
beak, which is capable of entering the green boll and sucking out the seeds, 
ihis insect is rarely abundant enough to injure the cotton plant, and the 
damage it causes passes unnoticed. To all appearance it is an unimportant 
pretty insect which lives in the cotton and does not harm it. The damage 
it causes becomes apparent only when the cotton is picked, and this damage is 
certainly not assigned by the cultivator to its right cause. If we pick 
and gin the cotton from an infested field, we find (1) a large proportion of 
light seeds, which have been sucked out by the red bug; (2) a large 
proportion of bad lint, produced from bolls sucked out when young by the 
red bug ; (3) a quantity of lint stained by the excreta of the insect ; and (4) 
a quantity of lint stained by the small red bugs crushed in the gin. 

Cotton from a field moderately infested with red bug has been found 
to yield about one-third of bad lint, stained or spoilt by the bug, and after 
the removal of this, one*third of the remaining seeds are light and without 
germinating power. The net result is a loss of one-third of the lint and 
of half the seeds. 

There is, unfortunately, nothing to connect, in the mind of the cultivator, 
the damage the insect causes with the insect itself. The cotton is picked 
after the insect has done its work, and when such young insects us there are, 
are hiding among the lint of the open bolls; The insect works when the bolls 
are green, and is probably hibernating in shelter by the time the cotton- 
picking commences. The cultivator does not realise that the red insect 
which was in his fields a month before, is responsible for the bad quality of 
his cotton ; it is doubtful if he ever saw the insect ; still more doubtful if he 
realises that his cotton could be better. 

There is no difficulty in checking the pest ; give the ordinary coolie a 
flat basket and an empty kerosene tin or pot, having a little kerosene and 
water at the bottom ; let him shake the red bugs off the plants into the 
basket, and tip them at once into the kerosene and water ; he will, in a 
very short time, clear his cotton of bug at the expense only of a little 
kerosene and labour. If kerosene is not forthcoming, water heated over 
a fire, and occasionally warmed up again, is all that is required. 

The difficulty is to get the cultivator to realise that the bug must be 
killed; in many places, it breeds also on the bhinda {Eihiscus eseukmtiis), 
on the ornamental Hibiscus, and on other malvaceo us plants. If he realised 
the importance of this pest, he could check it breeding on bhinda when 
there is no cotton, as it does in so many places. This difficulty should not 
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exist Oil experimental farms ; red bug should be checked vsystematicali j* and 
unless there is much jungle near the farm, thoronghlj destroying the pest 
once will prevent its becoming established. A far greater amount of harm 
is done by this bug, than mere inspection of the growing cotton shows, and 
it is only when we examine the ginned seed, that we can estimate the loss, 
A seed that has been sucked out shows no mark, looks normal, and can be 
distinguished only when cut open. Such a seed will not germinate, yields 
no oil, and is valueless. 


THE BOLLWORMS. (P/a^e F//7, ./X) 

By far the most important insect enemies to cotton are the bollworms. 
An account of these pests is being pulilished elsewhere, and we need here 
touch on salient points only. Bollworms hatch from eggs laid by the parent 
moths, on the bolls of cotton ; they are tiny caterpillars when they first 
emerge, and feed on the bracts or flower buds before eating their way into 
the cotton boll ; when the caterpillar has grown a little, it eats straight 
through the green rind of the boll, through the developing lint, and goes 
into the seed ; having eaten out one seed, it attacks another and so on till 
it is full-fed ; then it comes out of the boll, makes a cocoon in a sheltered 
spot and turns to the chrysalis, from which after a few days comes the moth 
that lays eggs and starts the fresh brood. 

The details vary a little in different localities ; the cocoon may be in 
the soil or in the bracts of the boll, rarely in the boll itself. 

The bollworms are of two distinct kinds ; the pink bollworms, {Geleelda 
gassy piella^ Saund.), a slender pinkish caterpillar ; the spotted bollworms 
{Earias fabia and Earias insidana)^ which are shorter, more thick-set, 
coloured in black, greenish-white and orange, with spine-like processes. 
Both behave alike so far as the cotton is concerned. One or other pest is 
found in cotton wherever it is examined in India, and generally both are 
iound in the same field. The most careful investigation of the life-history 
and the habits has, as yet, not led to the finding of any simple method of 
checking them wholesale. For both there is one remedy, so simple as not to 
seem worth doing, so obvious that no one would think of it until every 
other remedy failed, and as effective probably as any remedy ever was, but 
a very laborious and tedious operation. If we consider the circumstances 
as a whole, we can follow the pest throughout its career, and hunt for 
the one vulnerable spot at which we can attack it. The eggs are very 
small, laid singly, not easy to find and impossible to collect or destroy in 
any effective way. The Ccaterpillar is safely esconced in the boll, away from 
any insecticides we conld bring to bear on it. The chrysalis is very small, 
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very like a dead cottoa bnd, and not to be captured or destroyed on a large 
scale. The motli lives bnt a short time, is very small and flies only in the 
dusk of the evening ; clearly one cannot easily catch it. If we turn to the 
history of the insect throughout the year, we get little help ; cotton is sown 
in June and comes into bearing, say, in November. In August we find the 
spotted bollworms eating the top shoots of the cotton, or feeding in the 
flower buds; an energetic cultivator who understood his business would 
capture many such caterpillars by going over his cotton and cutting them 
out. This is the first brood in the cotton. The moths that come from these 
caterpillars lay eggs on the first bolls, and the attack begins. As tlie bolls 
develop, more moths hatch out, more come in from outside, and we find 
both bollworms plentiful in the cotton. This goes on till the cotton ripens, 
when probably the caterpillars hibernate. The spotted bollworms hide 
away in the ground, in waste lands or in any odd corner, and there become 
pupa). The pink bollworms curl up in the seed of the cotton and make a 
cocoon there. The cotton is picked and sold, the seed ginned and kept till next 
year. In March or so of the following year, out comes the spotted boll worm 
moth, lays eggs on bhinda or some malvaceous plant, and goes on breeding ; 
very often it breeds in the old cotton plants still in the fields ; if this be not 
possible, it hides away until the rains or lays its eggs on the stalks of a suitable 
plant. The rains come again, and the pink bollworm moth comes out from its 
cocoon ; it has to live until the first bolls are ready for it and breeds in waste 
lands or jungle on wild plants ; possibly it lives till August as a moth. 
The spotted bollworm moths breed in bhinda, in garden hibiscus, in holly- 
hock and in other plants, and are ready for the cotton in August. 

From this, we can select several points worth our attention. There is 
the pink bollworm hibernating in the seed ; this can be destroyed by care^ 
by fumigation, by testing the seeds in water. The old cotton plants need 
not be left in the fields to afford food for the insect in March and April as 
is so often the ease, Bhinda and similar plants are evidently dangerous 
and should not be grown in cotton areas. The first brood of bollworms in 
the cotton should be destroyed in August, by the simple expedient of 
off the attacked shoots and burning them. These and other measures 
help, but will not seriously affect the issue in the present state 
There remains but one remedy, to pull off and hum every boll oj 
hatch that u attached / if we could induce the cultivator to go over his plant 
boll by boll, pull off all that have signs of bollworm and burn them, we 
could insure at least that there would he no multiplication of the insect 
the cotton by the natural laws of increase. A boll eaten when young ma 
fall off* or goes on developing ; it is 
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plant it develops and opens prematurely ; the plant gives as much of its 
vigour to forming the bad bolls as the good. Clearly there is no loss in 
pulling off these bolls ; there would be much gain if the first batch of 
attacked bolls were removed, so as to kill the first brood and check the 
increase. For every boll removed when small, the plant ^Yill make another ; 
but it will not replace old worm-eaten bolls that ripen on the plant to wortli- 
less cotton and bad seeds. 

The remedy is so simple that every Indian cultivator should make it a 
part of the practice of growing cotton just as sowing, weeding out, picking and 
the like are done. An insect pest is, after all, similar to a \veed, and wants 
removing just as much. Had we in India the educated and enterprising 
farmer of the United States, we could say, as Professor Comstock did in 
1879, “ Hand-picking ; we should be far from advising any planter to 
attempt to rid himself of the bollworm by collecting these from cotton by 
hand,” and turn our attention to spraying or other artificial remedies. 

The first necessity in India is for the cultivator to realise that his cotton 
is attacked : when the time comes for picking, there is nothing to show that 
the cotton has siifiered from any bollworms ; there is nothing to connect 
the many bad bolls with the caterpillars that were in the fields a month 
earlier. Should the cultivator ever realise that bollworm injures his cotton, 
he will probably not be far from learning the connection between the bhinda 
he grows in his village in April, and the extra bad attack of bollworm he 
gets in September. Until he has realised what bollworm is and does, the 
remedies that would be suitable in the United States must give place to a 
simpler and more direct remedy for the cultivator in India. 

e may turn back to our other remedies, some of which are within 
the reach of farm overseers. Everything that assists the bollworms out 
of the cotton season, adds to the chances of a bad attack of bollworms in the 
season. Cotton seed that is left for sowing should be treated with Carbon 
bisulphide before it is put away for the winter, to insure no pink bollworms 
hibernating there. The old cotton plants that will no longer yield, should 
be pulled out before March ; it is not uncommon to see many green 
cotton plants in March and April, with a plentiful brood of the spotted 
bollworms* 

The cultivation of bhinda is a distinct help to the bollworms, especially 
when grown with irrigation in April and May. Whether we can use bhinda 
as a trap crop for the bollworms in cottons, remains to be seen. None of 
these are remedies for the pest ; they are precautions and preventives, and 
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though they might do mueh in the hands of farmers, they are at present not 
practised by the cultivators. 

It is impossible at present to estimate the loss of yield of cotton due to 
bollvvorms. Actual counts of many thousands of bolls have given from 
10 to 75 percent, of infested bolls at a picking. It is not uncommon to 
find that one-third of the ripe bolls have been attacked by bollworins and 
yield dirty lint of inferior quality. Ten per cent, was a low estimate of the 
total loss in the Surat District in lt)03-1904, from actual counts in many 
fields. From 10 per cent, in a large area of cotton, we rise to any figure in 
cases where cotton is grown experimentally and only on a small scale. The 
loss that is normally spread over a large area is then concentrated in a small 
area. Where cotton is grown only experimentally, every possible precaution 
must be taken, and remedies that are impossible on a large scale become 
imperatively necessary ; spraying with lead arseniate becomes a necessity in 
such a case, as does the light-trap for the pink boll worm moth. These are 
discussed elsewhere and do not come within the scope of this article. 

For the cultivator, there is urgent need of any measures calculated to 
bring home to him the nature of this pest and its work. No one can afford 
to neglect pests that make so direct an attack on the yield of the cotton, 
least of all the cultivator to whom a loss of 10 per cent, may mean his \Yhole 
profit and living wage. The systematic plucking off of bolls sounds an 
impossible task ; it is not so hard as it sounds, and is w^ell within the patience 
of the ryot if he can be convinced that it will pay. 

If we turn from the cotton| now grown by cultivators, to the American 
tree and other cottons under experimental trials, the question of varieties 
immune to bollworm naturally presents itself. There is at present a small 
amount of evidence for believing that certain indigenous tree cottons may 
be immune to bollworm, and it is quite possible that we may find exotic 
varieties similarly that are immune. Whether such varieties will remain 
so when cultivated on a large scale is another question ; it is at least desir- 
able that the point should be borne in mind in estimating the comparative 
value of exotic and other cottons ; a cotton immune to bollworm starts on a 
better basis than a cotton such as Egyptian Metafifi, where the loss is very large. 

This point is important in connection with tree cottons and all cottons in 
which the yielding period is spread over any length of time. The cottons 
of Gujarat, Kliandeish and the Oenlral Provinces would suffer far more were 
the yielding period longer ; a cotton that quickly produces its full crop of 
bolls is fai’ more desirable than one that continues to yield slowly for months, 
or that bears more than once a year. It is imperative that the latter type of 
cotton should be immune to bollworm, or that it should be grown under such 
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circiimsfcaDces that bollworm can be checked or is never 
latter is probably the least likely to be possible, and the c 
cottons or of any varieties that do not yield all at one perio 
able only if an immune variety is discovered. 


THE COTTON STEM BORER. {Plate IX.) 

If we go into a cotton field in August or September, we may find a plant 
here and there yellow and withered. This is the work of Splienopiem gassy pit, 
a long white grub that is living in the stem of the plant, feeding on the wood. 
The grub lies inside, having made a neat round tunnel up and down the 
centre of the stem. It will stay there till it is full grown and then turn into 
the chrysalis, from which in course of time comes the beetle. Both grub and 
pupa are readily found by splitting up these withered plants ; the beetle after 
some (lays’ rest in the stem, bores its way out, mates and lays a batch of 

eggs scattered over the field. The insect is a common one in most parts of 

India where the pests are known. In Bombay, Central Provinces, Oawnpore 
and parts of the Punjab it occurs plentifully. In Behar it has been found 
once, and does not yet seem to have become a pest of cotton. When the 

plant is young, the presence of this pest is not important ; the destruction, 

however, otows c^reater as the broods succeed each other, and the total loss of 
plants is a serious item late in the season. 

The cultivator apparently knows of the work of the pest, if not of the 
insect. He pulls up these plants and leaves them in neat heaps about the 
fields. If he went one step further and burnt these plants, he would steadily 
check the pest and prevent its increase. Practically every plant that 
withers contains a grub or pupa. It may be many days after the plant 
withers before the beetle comes out ; if these plants were burnt, either when 
they withered or periodically every fortnight, practically every beetle \Yonld 
be killed before it was able to breed, and in the later stages of the cotton 
the pest would disappear altogether. The remedy is so simple and easy, 
that every cultivator should adopt it. It is true the destruction of the 
individual young plants does not in itself matter ; it matters only because the 
beetles become numerous in the second and third broods when tlie loss of 
every bearing plant means a loss of cotton. It should not be a difficult 
matter to explain this to the cultivator ; the whole afiair is simple and 
straightforward, eminently suited to be an object-lesson to the agricultural 
classes where this pest is found. 


THE COTTON STEM WEEVIL. {Plate VIU.) 

We have lastly a pest of which little is known and concernimr which w^e 

'■•■'O' 

can now only sound a note of warning. 
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During the last few years, cotton has been experimentally grown in 
Behar ; many varieties have been tested and some have been found to be 
preyed on by a hitherto nndescribed insect. The Egyptian^ the Broach-Desbi 
and other Bombay cottons, and the Caravonica have been particularly attack- 
ed, some so seriously as to preclude the idea of growing them on small areas 
where this pest abounds. The grubs of the pest tunnel in the stems and 
branches, principally in the stem just above ground. The stem swells and 
forms a round lump in the case of the Broach-Deshi and other Bombay and 
the Egyptian cottons. The plant does not necessarily die, but it sooner or 
later breaks ofiP at the crown and is liable to suffer heavily, if not veiy vigor- 
ous ill grow^th. 

The Caravonica cotton has died practically completely from the attack 
of this pest. The grub, the pupa and the beetle are found in the cotton plant, 
the beetle eating its way out of the stem and flying away. The beetle is figured 
{mde plate) ; it is very small, of a dark colour, with brown and white marks ; 
the lower surface is whitish, the legs brown, the whole body clothed in flat 
scales. It is active from April to November, hibernating as a grub inside the 
cotton plant during the cold weather. Its attack has been extraordinarily 
virulent upon the experimental cottons, and it is to be hoped it will not 
spread outside its present limits. Apparently it is an indigenous insect, feeding 
normally upon wild plants, but, finding cotton is a suitable food-plant, it has 
become abundant with abundant food. 

No treatment at present known will protect cotton from its attacks, 
though it is hoped that further investigation may show how the pest can be 
attacked. It will be recognised with ease in the grub or pupa stage in the 
cotton plant, but cannot be readily identified from chance beetles caught in 
the fields. 

CONCLUSION. 


There are two main problems connected with cotton pests in India at the 
present time, which will be solved in distinct ways. 

There is, first, the problem of checking the pesfs that lessen the yield of 
the staple cottons of India as grown by cultivators ; second, the question of 
how far these pests will hinder the introduction and dissemination of improv- 
ed cottons, and the problem of checking pests in these cottons. 

For the cultivator, the six pests discussed above are of prime importance. 
The minor pests which appear here and there do not affect the issue material- 
ly. It is sufficient now to deal with pests which take toll to the extent of 
one-tenth of the available cotton of all India. If this estimate is near the 
truth, the loss from these pests is in the neighbourhood of three crores of 
rupees ; it is of course a vague estimate, but as good as our data will give ns* 
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How is this loss to be checked and this sum saved for the cultivator ? The 
answer must be, by showing the cultivator the simple remedies, by teaching 
him something of his pests, so that he can act on his own initiative and under- 
stand how to save his crop. The crying need is for the cultivator to know 
that there are pests, that his cotton is not the normal amount or quality he 
should get, and that he can increase both quantity and quality if he will only 
do his best to check the pests. 

The bollworm is not even known to him, as it works when the boll is 
green, and the ryot is not interested in green bolls. Nor does he know oi 
the stem borer or the red bug, because they are not large, conspicuous insects 
that work openly. With all his inherited knowledge and instincts, the culti- 
vator takes little heed of pests. 

It is not a question of elaborate remedies or the introduction of insecti- 
cides, etc. ; if we could be sure that he knew and understood, we could leave 
it to him to choose between adopting simple remedies and getting poor 
cotton. So long as the conditions remain as they are, science cannot help the 
ryot any further. This is the whole problem as it concerns the ryot, one 
that will be solved differently in different places and cannot be discussed here. 

For the experiment farm, the matter is entirely diiferent. W^e have a 
variety of plants, many exotic or unaccliinatised to that locality, not yielding 
together and growing perhaps for long periods They are often tender 
plants, unable to resist pests, and not grown on a large enough scale to diffuse 
the pests over a large area. The result is a continual succession of pests, far 
more than on ordinary cultivation, acting unequally upon different plants and 
producing extremely curious results. If uniform results are to be obtained 
and if tender exotics are to be grown, pests must be cliecked by every device 
possible ; the whole thing is artificial, the plant is growing under artificial 
circumstances, and we must adopt every means of checking the pests. The 
mere fact that we sow less than one acre of a particular variety means that 
pests are found in it to an extent that could never occur over a thousand 
acres, and when we consider also their entire lack of immunity to pests, we need 
not be surprised if cotton plants on experiment farms are ravaged by insects. 

In these cases the spraying machine and the best insecticides must be at 
hand. Aphis can be checked with the sprayer without the smallest difficulty, 
and at a very small expenditure if taken in time. Lead arseniate sprayed on 
the plants as they form the first bolls does much to check bollworms ; 
where pink bollworm is abundant, a lamp-trap is advisable. Bhinda should 
not be grown anywhere on or near the farm, nor should garden hibiscus, 
Deccan hemp, or any other malvaceous plants. Every individual red bug 
and stein borer should be rigidly destroyed ; cotton, as picked, should be 
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fumigated ; the first plant seen to have stem weevil should be burnt, and, 
though no precautions can be taken against this pest, it may be possible to 
destroy a large proportion of the infested plants or prune off infested bran- 
ches. Affected bolls and bored shoots should be burnt periodically, and no 
cotton plant should be allowed to grow for a day after it has yielded its seed 
and is finished with. These are the principal precautions, which should be 
familiar to every farm overseer who has charge of cotton. A good deal of 
trouble and attention is required, and some expenditure, far more than is 
within the reach of the cultivator ; but if cotton is grown as an experimental 
plant, if new varieties are to be introduced, and hybrids obtained, the ex- 
penditure is a mere trifle compared to the other expenditure, and to the ulti- 
mate value involved. 

EXPLANATION OF THE PLATES. 

PIjATE VI.— Winged and Wingless Cotton Aphis. Magnified. 

Plate VI L — Aphis enemies. Ladybird Beetle ( C/uhmienes Htxmaculata), Syrphus Grub. 
(^gyptius). Lace wing Egg. Grul> and Fly. {Chriisopa Sp.) Magnified. 

Plate VI 11, — Spotted Boll worm. {Earias fahia). Boliworm, Cocoon, Moth. Magnified. 

Cotton Stem Weevil. Bed Cotton Bug {Bysderms cingxilatm). 

Plate JX. — Pink Boliworm. {Oelechia gomjpwlla). Boliworm, Pupa Case, Infested Boll. 
Moth. 

Stem Borer. {Spliemptem gomjpi\), Q(X\\\Vn^ 



OEANGE CULTIVATION IN THE KHASI HILLa 


By B. C. BASXJ, m.r.a.g., 

Assistant to the Director of Lani Records and Agrwilture, Assam, 

The chief centre of orange cultivation in the Khasi Hills is a narrow 
strip of country along the foot of the hills bordering on the Sylhet district. 
This may be said roughly to extend from Nongjri on the east, to Mawdon on 
the west, a distance of about 20 miles. The plantations commence from the 
plains, and rise to an elevation of about 1,500 feet above the sea level. 
Above these low hills and not for away, is the table-land of Oherrapunji 
(elevation 4,500 feet), which enjoys the unenviable distinction of having the 
heaviest rainfall in the world. The gardens extend for some distance into 
the interior along the deep valleys which cut up the southern face of the 
Khasi Hills. Orange trees are common enough in other parts of the district, 
and are found at Shillong at an elevation of 5,000 feet. At high elevations 
the tree does not thrive so well as in the hot steamy climate of the lower 
hills ; it takes a longer time to come into bearing, and the fruit is of inferior 
quality. 

The total extent of the country in the Khasi Hills, in which oranges can 
be profitably grown, may cover an area of about one hundred square miles, 
certainly not more. A large proportion of this area is uncultivable. It is 
upon this small area that the greater part of Bengal and Assam depends for 
its supply of the orange fruit. This fact gives to its Khasia inhabitants a 
virtual monopoly of orange cultivation for the Bengal market, and has 
bx’ought them a degree of prosperity not to be found among any other class 
of cultivators in Assam. They have no fear of competition, and their clan 
laws, which forbid land being sold out of the clan, prevent all danger of 
intrusion from outsiders. Although grown in the Khasi Hills, the Khasia 
orange is known to the outside world as the Sylhet orange, just as the Khasia 
lime is known in Bengal as the Sylhet lime. The misnomer owes its origin 
to the fact that the external trade in the Khasia orange is in the hands of 
Sylhet traders, who have their head-quarters at Ohhatak, an important trade 
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mart through which a great part of the produce of the Khasi Hills is 

exported to Bengal. 

The great earthquake of June, 1897, destroyed a large number of the 

orange gardens, many of the most productive of which lay on the banks of 

the hill streams, and owed their fertility to the silt left by the annual floods 
These gardens were almost completely wiped out by the earthquake and the 
destructive floods which followed it. Since this catastrophe, the Khasias 
have been making more use of the hill sides for planting oranges, and a 
large number of new gardens have sprung into existence. 

The orange country in the Khasi Hills is rich in agricultural produce. 
Besides the orange, several valuable products, such as the betel-nut, the betel- 

leaf and the bay leaf (Tezpat) are largely grown, and are important sources 
01 income to the people. Black pepper is also grown to a limited extent 
and within recent years the people have taken to growing coffee and 
arrowroot, though the cultivation of these has not yet passed the experi- 
mental stage. One wonders why the country is so fertile. The hill sides are 

covered with boulders and pebbles, and shew ^ little soil on the siirflme. 

But the boulders and pebbles serve to hold up what soil there is ; indeed if 
It were not for these broken rocks, very little of the soil would be left on the 
lull sides, the country being exposed to a rainfall not flir removed in iuten- 

Sitj from that of Olierrapunji itself. 

The orange is said to do best on limestone soil. The fruit grown' at 
lyrna, where the soil rests on limestone, is reported to be the best grown in 
the district. The bulk of the crop is, however, grown on soils derive,! from 
siliceous rocks containing very little lime. Dr. Bonavia in his book on the 
oranges, limes and lemons of India, quotes the analysis of a sample of 
soil fiom a Khasi orange garden, which gave only -19 per cent, of lime. 

ihe Khasias know only one variety of orange. There is much differ- 
ence in respect of quality between the fruit of individual trees, but this is 
not Pe‘-Petaated the invariable custom being to propagate trees from seed, 
a method^ which cannot be counted upon for reproducing the characters of 
e in ivi ua . he fruits of some trees have a thick rind ; in others, the 
svin IS tlijnner, and the pulp more succulent. The latter are of course the 
better of the two, but they do not bear handling and transport so well, and 
consequently seldom find their way to Calcutta and other distant markefo 
Urange trees are invariably raised from seed in the Khasi Hills. The 
Khasia orange grower has not yet learnt the art of grafting. Propagation 
by means of cuttings is not unknown, but it is rarely practised. Some 
care is exercised in the the matter of selecting the seed. The seed fruifo 
are taken from trees selected for their good quality. They are pluekeo 
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when fully ripe. After being pressed out of the pulp, the seeds are 
testof! by immei'sion in water ; those which sink are taken and those which 
float are thrown away as unsound. The selected seeds are thoroughly 
washed and dried in the sun for two or three days. The seed must be 
sown within a short time after it has been gathered. December and 
January are the usual months for sowing the seed. A temporary platform 
is prepared with bamboos about four feet from the ground, and on it 
is placed a layer of finely powdered soil, four to six inches thick. The 
seed is dibbled in thinly, and kept covered with plantain leaves during 
the heat of the day. The soil is moistened with water every evening till 
the seeds germinate, a matter of a fortnight to three weedvs at the longest. 
The seedlings remain on the platform till the following May or June, when 
they are transferred to a nurseiy. The nursery is prepared in a corner of a 
plantation, a shady spot being selected for the purpose. The seedlings are 
planted out about nine inches apart. The plants receive no attention in the 
nursery except an occasional weeding. Here they remain for two or three 
years, sometimes longer, until the time comes for removing them to their 
permanent quarters. 

In the Khasi Hills and in Assam generally, seedling oranges are seldom 
found to deteriorate in qualit 3 ^ They generally come true to seed, though 
no doubt individual peculiarities are lost. Oases of deterioration due, I 
believe, to reversion are, however, not unknown. The true Khasi orange is 
known as U Soh-niamtm. Two other varieties of orange locally called 
U Soli-siem and U Soli--7iiangriang are known to result occasionally from the 
seed of the true orange. The first of these is a very small fruit with a deep 
red skin and very sour pulp. I have seen an orange veiy like it, growing 
wild in the Nambor forest in the Assam Valley. U Soli-niangnang is a 
fruit about the size of an ordinary orange, but with a thick skin, and not 
very unlike the Seville or Bitter orange. A third variety U Soh-myndong 
is also said to result from the seed of the ordinary orange, but I do not know 
this fruit well and am unable to describe it. A curious point about the 
U SohSieyn is its name, which means the “ Prince of fruits,'' though the fruit 
is utterly worthless except that it possesses a pretty appearance. 

A Khasia orange garden is seldom composed exclusively of orange trees. 
They are always mixed more or less with other trees, betel-nut, jack and 
bay leaf trees. The usual procedure which the Khasias follow in preparing a 
plantation is as follows. Early in the cold weather the forest is cut down, only 
a tew of the largest trees being left standing. These are shorn of all spreading 
branches so as to minimize the shade. The cut wood is allowed to dry for a few 
weeks and then burnt. The burning kills every thing at the time, except the 
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trees that are left standing. But in March, as soon as some rain has fallen, 
^lass and^other deep rooted weeds shoot up, and are dug out. Nothing more 
IS required to prepare the ground for receiving the plants. The land receives 
no cumvatrnn whatever; in fact, the rocky natureof the ground makes any kind 

cultivation impossible, and there is danger of the soil, if loosened, being 

washed away by the torrential rainfall to which the hill-sides are exposedV 

eusua p an IS first to plant out the clearing with plantain trees. These 
are planted m March, and begin to bear in fifteen to eighteen months after 
p an ing. The plantain clamps are allowed to remain on the ground for three 
years, at the end of which they cease to be productive and are dug out In the 
meantime orange and useful trees are planted at intervals among the plantain 
trees Before the time for removing the latter arrives, the other trees will 
establish themselves and cease to be in need of shade. The only treatment that 
e ground receives after it has been planted out is occasional weeding.. 
Urdinarily, Aere are two cleanings during the year, one taking place in May 
after the spring rams which bring on a thick growth of weeds, and the other in 
October at the close of the rainy season, 

^ The aspect of the land is matter of some moment to an orange garden. 

A garden with a northern aspect is shaded from the sun for a great part of 
the day. On such land, the fruits ripen late, remain longer on the trees and 
are not so sweet as those of a garden facing south which receives the full 
sunshine. ^ Late ripening is rather an advantage in point of the price obtained 
for the fruits. As a matter of fact, the aspect of the land is seldom considered 
in making an orange garden. The area of land in which oranges can be 
planted is limited, and the cultivators have to put up with whatever land is 
available, so long as the soil is not unsuitable. Places where the soil is 
excessively sandy are, of course, shunned. 

Orange seedlings are ordinarily transplanted when two or three years 
old. The time for transplanting is May and June. Holes are dug at suitable 
intervals with a crowbar, or a thick pointed stick, and the plants are placed in 
them in a slanting position. No manure is used at the time of transplantino- 
or at any other stage of growth. No fixed distance is observed in planting 
the trees, the ground being so uneven and full of rocks that planting a“t 
regular intervals is out of the question. Generally speaking, orange tree.< 
are planted about 10 feet apart, but are often planted closer. 

By the end of the rains, a number of leading shoots will have grown from 
the base of the plant. These are more vigorous and grow faster than the old 
stem which remains, more or less stunted, and often dies down altogether. 

At the end of two or three years, the parent stem is pruned off, and one or 
two of the most promising shoots are preserved, the rest being cut off. The 
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^nd young fruits. These causes were responsible for the very poor crop of 

The orange season commences in November, and closes in March. The 

export trade in the Khasia orange is in the hands of the Bengali traders, who 
- mos y men of the Sylhet district. During the season, these men 

various weekly markets lying at the foot 
e 1 s, and buy up the oranges for cash. The practice of selling crops 
^ vance, unhappily so common among the Bengali raiyals of the adjacent 
pjams, IS unknown among the Khasias. The usual wholesale price of 
cnges varies from Rs. 10 to 20 per “hundred,” equivalent to about 2,300 
im s. ^ ^ast year’s short crop sent prices up as high as Rs. 45 per hundred. 

>e fruits intended for export to Bengal are taken down to Chhatak, where 

■the bulk IS bought up by wholesale merchants who ship them to Calcutta 
and Eastern Bengal. 

Khasia oranges can be preserved in good condition for many months 
;^y placing them on a bamboo trellis suspended from the roof of the 
e fiuits must be sound, fully ripe and very carefully plucked, 
-so ns not to be bruised or injured in any way. They are placed thinly 
m the trellis, no two fruits being allowed to touch each other. From time 
, ^ ^ finits aie examined, and those which appear unsound are 

lown away. Treated in this manner, the fruits remain good for many 
moil s almost till the next orange season comes round. The skin looks 
■dry, but the pulp remains juicy and sweet ; in fact, it gains in sweetness by 
^ eeping. The practice of preserving oranges in this way, though simple 
>s by no means general among the Khasia orange growers, and very few pre- 

^served oranges are ever offered for sale. 



THE STUDY OF FERMENTATION AS APPLIKD TO 

AGRICULTURE. 


Bv C. BERGTHEIL, 

Bacte^'ioloyistj Agricultural Research Institute, Pusa. 


It is a sign of the progress which the scientific study of Agriculture 
has made within the past few years that a plant physiologist with a special 
knowledge of fermentation is considered a necessary adjunct to an up-to-date 
Agricultural Department. Such a physiologist may perhaps be more aptly 
termed a “ fermentologist ” and his specific study may be loosely defined 
as.^‘ the chemical changes which take place under the influence of living, 
matter.” 

Not so very long ago the chemical changes which take place in soil, 
whereby insoluble materials are rendered soluble and so available for plant- 
food, were put down entirely to the action of the atmosphere or of water 
or other inanimate agency. We now know that minute forms of life play 
a very important part in this process, and that in order thoroughly to- 
understand the modus operandi of plant nourishment we must study the 
action of these microscopic agencies, a study which naturally falls within' 
the domain of the agricultural fermentologist. Further, we must study the 
physiology of the plant, we must know all we can about its process of assimi- 
lation of food, its digestion and its means of disposing of waste products. 

All these processes were formerly explained as being due to “ vital 
force,” a type of action supposed to be peculiar to living matter, but 
admittedly not understood, so that the attempted explanations resolved 
themselves into little more than begging the question. Nowadays, attempts 
are being made to obtain a more intimate knowledge of this force,” and in 
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wiusti comprise tlie sfcudj^ of the changes which take place in many 
ycaltivated plants after they have ceased to grow, such as the feriiieiitatioii of 
tobacco or tea or indigo, though here we run close to where the sphere of the 
agriculturist merges into that of the technical chemist. In the course of this 
article we shall consider a few of the sort of problems which the agricultural 
fermentologist must attack, with more particular regard to those of prime 
importance to India. 

In the first place let us consider the chemical changes going on in the 
soil. I he chief of these, of which we have at present any considerable 
knowledge, is the decay of organic material, that is to say, the process by 
which such material, added to the soil either as residues of plants which 
have grown upon it, or as the excreta of animals, or as deliberately added 
foreign matter, becomes available for assimilation by growing crops. We 
must assume that such a process goes on in every fertile soil, not only because 
organised material placed in it gradually disappears, but also because, for the 
support of the plant life (disregarding an exceptional group of plants 
with which we shall deal later) a soil must contain a supply of nitrogen, 
and no other considerable source but that of decaying organic matter 
is at present known to exist. We know further that in the generality 
of cases a plant can only assimilate its food in a very simple chemical 
form. We do not know, however, the precise changes which the 
'Organic matter goes through in its transformation from the complex to the 
•simple form and what agencies bring about these changes, and it is very 
necessary that we should so know in order to arrive at a rational understand- 
ing of plant nourishment and of the effects produced by organic manuring. 
Perhaps in this case, more than in any other we shall go into, our ignorance 
of the influence of the special conditions in India, and in other countries 
with hot climates, will be apparent. A little has been discovered about the 
cause of the decaying processes in the soils of temperate countries, and it 
is justifiable to assume that a few general principles established there will be 
found to apply in the tropics and sub-tropics ; for instance, that the breaking 
down action is brought about by bacteria, and that specific bacteria are 
responsible for specific stages of the process. But the precise nature 
of the bacteria responsible for each stage and of the work they do, especially 
fhose acting in the earlier parts of the process, is only partially known in 
•other countries, and quite uninvestigated in India. It is probable that 
under tropical oi* sub-tropical conditions many new processes will be found to 
be involved. Light and heat are the most potent agencies in influencing 
bacterial action, and we know nothing of how the Indian sun will affect the 
question. Observations made on the rate of disappearance of organic 
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omixures applied to the soil seem to indicate tLit rotting takes place very 
(loickly, and the large and almost immediate crop returns resulting from 
such applications to Indian soils show how speedily the food becomes- 
assimilable. But perhaps a better indication of this is the marvellous 
fertility, without any inanurial treatment^ of some of the soils in India which* 
show on analysis what would in other countries be considered a deplorable* 
lack of nitrogen. Tlie only explanation we can at present give for this is,., 
that whatever crop residues or other nitrogenous material the soil contains,, 
are made the most of by undergoing rapid decomposition and rapid re-assimila- 
tion by each successive growing crop. The part of the process of decay 
which is best understood is the last part, a process known as “ nitrification. 
Nitrification is a conversion of salts of amomonia into nitrates. There is good 
reason to believe that the majority of cultivated plants can assimilate their 
nitrogenous food in no other form than that of nitrates, and that therefore 
all organic material must be chemically broken down until it arrives at this 
stage before it is of any use to the growing plant. The formation of nitrates in 
the soil is fairly well understood, so far at any rate as the soils of the temperate - 
climates are concerned. It is known that they are derived directly from nitrites, 
which are in their turn obtained from salts of ammonia resulting from earlier 
and little known processes in the course of the decay of organic matter. 
Specific bacteria have been isolated from soil, each type capable of carrying, 
the process of nitrification through one stage, the one type converting ammonia 
salts into nitrites, the other nitrites into nitrates. It is practically certain that 
this same process is going on in Indian soils, and that the large amounts of 
saltpetre found in so many localities are due to no other cause. 

It is of great importance that the whole matter should be investigated, 
that an attempt be made to isolate the particular bacteria operative in the- 
soils of India and their nature be studied. It is admittedly improbable that 
a study of its bacteria will suggest better means of cultivating the soil than, 
those already practised by the cultivator of this country, but we may at least 
be able to explain the underlying principles involved in the practices which 
be has evolved by generations of experience, and thereby avoid pit-falls in 
introducing methods of culture and crops of which the cultivator has no 
knowledge. We may also find that it is possible to increase the fertility of 
the land by introducing bacteria into it. A good deal has been written 
latterly on the subject of agricultural improvement by this last means, soil 
inoculation. It must be borne in mind, however, that the question hitherto 
dealt with has been a very special one, and, though it may prove of very 
wide application, it must not be confused with a general consideration of the* 
bacteria of the soil which are essentia! to its fertility. 
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We have seen that the chief need of a growing crop, supplied by decayed 
organic material, is nitrogen. The living plant can obtain the elements from 
which it builds up its carbonaceous material through its leaves from the 
atmosphere, and its mineral constituents from those of the soil, but for 
nitrogen it is in the great majority of cases dependent on a supply of decayed 
organic matter. We pointed out, however, that there was a special group 
of plants capable of doing without this supplj^ having other means of obtaining 
its nitrogen. This group of plants is known as the Leguminosae, and it is- 
with this group only that the methods of soil inoculation, of which we have 
heard lately, deal. The Leguminosae are the pod-bearing plants and 
comprise amongst others the beans, peas and vetches* Amongst many myriads 
of types of bacteria which inhabit the soil, there is one at least whose special 
function seems to be to assist leguminous plants to grow ; they attach them- 
selves to the roots of such plants, develop and die there, forming the 
^‘ nodules ” or swellings which may almost always be found on the roots of 
any leguminous plant if it is dug up with sufficient care. 

What the motive of bacteria is in doing this, is still a moot point: 
Dr. Moore, the latest investigator of the question, thinks that it is not altogether 
disinterested, but that the bacteria are parasitic on the legume until the 
legume develops a power of being parasitic on them, and it is fairly certain 
that the bacteria must derive some of their sustenance, probably their carbona- 
ceous material, from the legume in order to grow. Be this as it may,, 
undoubtedly they grow and develop highly nitrogenous bodies which are even- 
tually absorbed by their leguminous host. This can go on perfectly satisfac- 
torily in soil containing no nitrogen, or even in sand, provided the necessary 
mineral food for the development of the legume is available and the necessary 
bacteria are present, it is clear, therefore, that the bacteria obtain their 
nitrogen from some source other than the soil, and this source must be 
the atmosphere. The legume is, therefore, indirectly supplied with atmos- 
pheric nitrogen and develops at no expense to the soil except in respect of 
mineral matter. It is obviously an advantage to grow a leguminous crop, not 
only because it is obtained at no expenditure of soil nitrogen, but also be- 
cause the root residues and other parts left in the soil after the crop is cut, 
afford a positive gain of that element, still more so if the crop is ploughed 
into the soil. That a leguminous crop was thus fertilising has been known 
from the most ancient times, but the underlying reason is a matter of only recent 
discovery. No sooner was the explanation forthcoming, than attempts were 
made to ascertain if all soils contained a sufficiency of the necessary bacteria, 
or if anything might be gained by adding them to certain soils. It was 
^und that, though the bacteria were very wide-spread, they were often not 
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in sufficient quantity to provide nitrogenous noiirisliment fora good legnmm- 
oiis crop ; further, that there, seemed to be a specific type of bacterium for 
each type of legume, so that the land which might, for instance, be well 
supplied with the necessary bacteria for beans would fail to grow a good crop 
of peas. In these eases it has been found profitable to inoculate the soil with 
the bacteria specific to the crop which it is desired to grow. It is most 
desirable that an enquiry into this question should be undertaken in India ; 
not only because of the very large number of leguminous crops commonly 
grown, but also because of the enormous preponderance of Leguminosee 
among the indigenous weeds of the country. 

There are doubtless many other organisms in the soil, contributing to 
the nourishment of plants grown upon it, or otherwise aiding its fertility. 
A whole group of bacteria capable of fixing atmospheric nitrogen without 
growing in conjunction with; a leguminous plant seems likely to come to 
light, and many of its members are already known. A study of these cannot 
fail to be profitable ; such agents must be of immense value to the farmer 
and it should be the business of bis scientific advisers to. find out all they can 
about them. The case is similar when we consider the provision of the other 
necessary constituents of plant food to crops. We have reason, for instance, 
to believe that carbonaceous material in the soil, even if it be not for actual 
food, plays some very important part in plant nourishment ; what is its 
precise function, and in what form it is of use to the plant, are points 
for future investigation to determine ; but that a study of its formation, 
.as of that of many other, substances essential to plant life, will involve a 
consideration of fermentative actions, bacterial or otherwise, there can be 
little doubt. 

Finally we have to look upon the agricultural fermentologist in his 
sphere of bacteriologist as something of a plant doctor. Plants, like animals 
are liable to suffer from many diseases due to the attack of bacteria, and it 
must be part of the function of agricultural bacteriology to study these 
■diseases and find means, of cure. As compared with diseases of animals, little 
is known about these at present, but it is probable that with its moist hot 
climate, eminently suited fpr bacterial development, India will afford a happy 
hunting ground for their study. 

We have now perhaps sufficiently indicated the importance of a study 
of the fermentative action of bacteria in the soil, and in the plant, to agriculture. 
We will pass on therefore to the consideration of another sphere of agricul- 
tural fermentology, a sphere in which the knowledge to be obtained may be 
less immediately ‘applied,’ but is just as fundamental to a thorough under- 
standing of the principles of agriculture, that is, the application of the study 
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of fermentative clianges to plant physiology. Plant physiology is the science 
which deals with the life processes of plants, their development from seed, 
their means of obtaining nourishment, their digestion, their growth, their 
reproduction and death. It is obviously important that the cultivator, 
whose industry depends upon the development of plants, should know as 
much about these things as possible, or at least that his scientific adviser 


should so know and be able to communicate to him the more practical 
outcome of the knowledge. In a study of such complex matters, however, 
it is clear that more than superficial observation is necessary. We may know 
that certain plants grow best in certain soils, that certain manures tend to the 
rapid development of some plants (or to that of special parts of them), and 
not to that of others ; we may analyse the soil carefully, and we may know the 


elements involved and the quantities of them in the complete plants. But 
this is not enough; we must take a closer look into the economy of soil and 
plant before we can understand the latter’s life functions. We innst find out 
how each element necessary to those functions enters the plant and how the 
plant transforms the food assimilated until it arrives at the complex forms we 
find in its cells. In short we must realise that, just as we have seen the soil is 
the seat of constant chemical changes, so also the plant is not a stable entity, 
but that its development is the expression of continuous transformations 
in its cells, and immediately we try to examine these processes of transfor- 
ination we are faced with fermentation problems. It must not be understood, 
however, that bacteria play any essential part in these ; but the chemical 
processes going on in the plant cells are as truly fermentations, in the sense 
we defined the term, as are the actions of bacteria, moulds, yeasts, or other 
lowly organisms, since in both cases we have to deal with “chemical changes 
taking place under the action of living matter.” 


The distinction often drawn is a pui’ely superficial one, and it is only 
misleading to talk about the bacteria etc., as “ organised ferments,” and the 
agencies acting in the living cells of higher organisms as “ unorganised fer- 
ments.” It is sufficiently probable to be nearly a certainty, that both are in 
their essential actions the same, that both act by having a specific power 
(whether it be looked upon as a power of secreting a certain type of substance 
-or exerting a certain type of force) of bringing about chemical changes of 
•quite another order to any we can so far reproduce in our laboratories. Let 
us take a simple instance and see what happens when a seed germinates. 
Most seeds contain, besides the embryonic plant, a store of food material to 
nourish the young plant during the early stages of its growth, before it deve- 
lops powers of obtaining its own food from the soil and atmosphere. This 
.store is usually a complex mixture of starchy foods with fats and oik All 
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these bodies are, as a rtile, insoluble in water, and therefore not subject to 
assimilation by the young plant as they stand. Nature has, however, provided 
it with agencies capable of producing changes in these food stores, which 
render them soluble, and this in some way quite other than any we know of 
in our laboratories. These agencies are ferments. They are commonly called 
unorganised ferments or enzymes, in contradistinction to oi-ganised ferments 
by which bacteria, yeasts, etc., are implied. As we have already pointed 
out, however, this distinction is probably quite an artificial one, since the 
organisms almost certainly produce many, if not all, of their specific actions 
by means of a production of enzymes just as a plant cell does. 

The study of enzymes is quite in its infancy ; we do not even know for 
certain whether they are chemical entities or forces, one school of workers 
holding the first view, another the second ; but since, even if they be forces, 
they seem to be invariably demonstrated by certoin definite chemical types! 
it is not very material which school is in the right, and it is more convenient 
for the present to look upon them as chemicals endowed with powers of 
bringing about special reactions. What we do know, however, is that these 
ferments are very widespread in living cells both animal and vegetable,, 
and in single-celled as well as many-celled organisms, and that they play 
a very important part in life processes. 

To return, however, to our germinating seed. We have seen that the 
embryo is provided with enzyme in its cells capable of dissolving the food 
materials in the other parts of the seed. This action takes place as soon as 
the seed is placed under proper conditions of warmth and moisture, 
and the food material is assimilated by the young plant and the latter 
is started on its growth. With growth more enzyme is produced, more 
food dissolved, and the process continued until the first leaves are above 
ground, and rootlets are formed so that the plant can nourish itself 
from the soil and atmosphere ; and then begin a whole series of processes 
in which ferments are probably intimately concerned. Food comes in at 
the leaves as carbonic acid gas, and at the root as nitrates and other 
soluble salts, and from these simple beginnings the whole complex fabric of 
the plant most be built up. Needless to say this is far beyond anything 
we can do with the aid of our most modern chemical and physical knowledge 
and appliances, whilst the plant can do it without much rise in temperature 
without any potent chemicals as we understand them, and without -my 
physical condition such as we understand and cannot reproduce We hope 
that the study of enzymes will explain much of this, and already ali„„ner- 
ings of understanding are coming out of the darkness. With knowledge 
of this kind we may hope to be able to approach problems of plant nutrition 
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Agricultore in East Africa Protec- 
torate. — The Protectoi'ate is still in its 
infancy with regard to agriculture and 
-cannot yet be said to have developed any 
one predominant crop. Crops that have 
been successfully grown include potatoes, 
wheat, barley, sisal-hemp, rhea {Boehm- 
via) and tobacco. The curing of tobacco 
has yet to be taken in hand before it can 
be proved to be suitable for more than 
local consumption. Experiments in Seri- 
culture have also been successful. — 
<H. M. L.). 


tion. The present volume is more compact 
and Iiaiidy than those of former years, be- 
ing limited to some 700 pages. The total 
budget devoted to Agriculture for the 
current year amounts to 5,944,540 dollars, 
or nearly £1,200,000. The total number 
of salaried persons constituting the body 
of the Department of Agriculture is 
4,504, and in addition nearly a quarter of 
a million special correspondents and re- 
porters who, although receiving no finan- 
cial remuneration from the Department, 
co-operate with it and render it much 
valuable service.— (B. C.). 


Cultivation and Production of Sisal 
Fibre in the Philippines.— The increased 
demand for Sisal fibre, one of the main 
uses of which is a “ binder ” twine for use 
in grain binders, has led to increased 
activity in the cultivation of this fibre in 
the Philippines. Here it is customary to 
devote the drier and sandier lands to the 
cultivation of this plant. Machinery has 
as yet not been introduced into the 
Philippines, and the fibre is prepared by Countries, 

maceration or retting or by one of the 

several ^*dry” processes. These latter, Russia 
though they give a very superior product, -pnited States 
iire not in general use as they are too 
laborious. With the introduction of British India ... 
machinery there is every prospect of the France 

establishment of a profitable industry. — . , . „ 

.(H M L) Austria-Hungary 

Italy 

Year Book of the Department of Germany 
Agriculture of the United States op 
America. — The Year Book of the United -^i^^^^tina ... 

States Department of Agriculture for Spain 
1904 has been published, and contains as Britain 

usual a large amount of useful informa- 


Indian Wheat Exports.-— The follow- 
ing tables will show the position which 
India holds among the wheat- producing 
countries of the world, and the important 
part it has recently taken in the supply 
of that grain to the United Kingdom • 

WHEAT CROP OF 1904. 


Bushels. 
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IMPORTS OF WHEAT TO UNITED 
KINGDOM FROM 1901-02 to 1904-05. 


In thousands of Owts. 


Countries. 

1901-02. 

1902-03. 

4 

CO ■ 

§ 

1904-05. 

India 

7,428 

11,908 

23,144 

29,083 

Russia 

3,061 

1 13,721 

19,331 

28,823 

Argentina ... 

4,973 

11,856 

17,490 

24,085 

United States 

41,584 

32,035 

12,897 

4,558 

Canada 

8,302 

11,471 

8,355 

3,547 

Australia ... 

6,048 

79 

6,322 

12,758 


(B. C.) 


« 

* * 

Agricultural Products of the Shan 
States.—- I ll a lecture before the Society 
of Arts on April the 6th, Sir J. George 
Scott, K.C.I.E., devoted part of his address 
on “The Products of the Shan States” 
to a brief summary of the agricultural 
products of that part of Burma. Expe- 
riments have shown that barley and oats 
grow well, for the latter of which 
there is an immediate market in India, 
where the oats are more useful for fodder 
than for grain. English fruits grow 
freely, but rapid carriage is required 
before there can be any outlet for the 
produce ; oranges also grow well and 
produce freely. Coffee has been suc- 
cessfully cultivated, while tea is found 
wild, and simply awaits the arrival of 
planters with the necessary knowledge 
and machinery. Tobacco is grown in 
large quantities, but no attempt is made 
to cure it. Of industrial plants, cotton, 
hemp, indigo and a variety of rubber- 
yielding creepers are all cultivated or 
found growing freely. The staple of the 
cotton is, however, very short. At the 
present time lack of communications is 
the chief drawback to an active develop- 
ment. — (H. M. L.) 

■■■■ a 

Since the issue of the revised form 
of the “Tropical Agricultuiist ” under 
the auspices of the Agricultural Society 
of Ceylon, Mr. E. E. Green, Ento- 


mologist to the Government of Ceylon, 
has contributed regular monthly notes 
on the insect pests observed. These 
notes should be read by planters in 
South India, many of the pests of rub- 
ber, coffee, tea and other crops of Ceylon 
being similar to those found in the 
Niigiris, Bhevarroys and other hill dis- 
tricts. Mr. Green finds that cotton in 
Ceylon is attacked by pests similar 
to those of India and is impressed with 
the danger of carrying cotton over from 
one year to another. Caravonica cotton 
appears to thrive in Ceylon, the virulent 
stem weevil of Behai* not having as yet 
attacked it in Ceylon, and its pests 
being the same minor ones as observed 
at Fusa. Those interested in the preven- 
tion of injuries to palms should consult 
the “ Tropical Agriculturist,” and we 
shall await with interest the result of 
Mr. Green’s experiments in the treat- 
ment of paim-weeviis. — (H. M.. L.) 

4 « 

The Treatment of Brown Bug of 
Coffee. — Since the publication of the 
Preliminary Report on Insect Pests of 
Coffee, planters in the Nilgiris have ex- 
perimented with insecticides as a method 
of checking the increase of this virulent 
pest. Mr. C. fi. Brock, the Honorary 
Secretary to the Nilgiris Planters’ Asso- 
ciation, has reported failure from the use 
of Crude Oil Emulsion and success with 
Rosin compound. The latter was the 
wash recommended, being easily made 
on the spot and costing only Es. 3 per 
lOG gallons. The wash is valuable 
chiefly as a check when the young bugs 
hatch out and commence to spread over 
the fields ; in bad cases a very large area 
will die in a short time, as the result 
of a sudden large increase in the num- 
bers of the bug. In such eases, spraying 
is a certain check and, from the experi- 
ments conducted by Mr. Brock, spraying 
is also valuable as a regular method 
of destroying bug on any infested coffee, 
if applied at the time when the young 
hatch out and become active. Ooff'ee- 
planters^ who have experienced the 
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havoc caused by brown bug, will welcome 
a reliable method, and ic is probable 
that when the coffee industry revives, 
spraying will be more largely adopted 
as a regular check on the increase of this 
pest.— (H. M. L.) 


feeder, refusing little in the way of 
green vegetation, with the result that it 
becomes extremely abundant. Among 
its food -plants are mango, mangosteeii, 
several igs, tobacco, tamarind, citrus 
plants of several species, hibiscus, 
sapodilk, custard apple, rain trees and 
others ; these were its food -plants in one 
garden, but the author Justly observes 
that “if the life history of the insect 
had been studied for a longer period, 
it would probably be found that to give 
a list of its food'plants; we should have 
toemimeratethefiora ofthe Philippines.'^ 
India does not lack pests, but none 
so voracious have yet been observed, 
we may picture the ravages sucli 
in an Indian 
garden or fruit orchard.— 


se dis- and 

leavily, a pest would cause 

ned to botanical 

-s pest. (fi. M. L ) 

r thair 

vith a 'Ihe Infmence of Nodules on the 
upper roots of Leguminous Plants.— Experi- 
! same ments conducted at the Michigan Ex- 
preads perimeut Station have conclusively shown 
y its that nodules on the roots of leguminous 
imited crops have tba effect of greatly enriching 
upper the plant, both as a feed and as a ferti- 

ng is lizer. In one experiment conducted 

3 eggs there, it was found that the leaves and 
ale of stems of inoculated soy-heans carried 
green pounds of protein per hundred pounds 
nt is of the fodder, whilst those not inoculated 
duces and carrying no nodules liad but 11 
igh a pounds per hundred of protein, as the 
iither average on two years’ experiments, 
must When both years were taken together, 
iither the content of protein in the stems and 
will leaves was nearly 57 per cent, greater 

’’here in the inoculated plants. With cow-pea.s 
!oued the inoculated plot was 47 per cent 
toffee richer in protein than the one in which 
)d.~ the plants were free from nodules on the 
roots. The importance of this increased 
feeding value of the crop when inocu- 
tUer lated, or carrying nodules on the roots, is 
-est- great, and should not be lost sight of 
•, of when deciding whether to inoculate a 
r to crop or not. When used as an improver 
dia. of the land only, a crop carrying nodules 
fous on the roots is more valuable hir noo-i.. 


NOTES. 


79 



50 per cent, than a crop without nodules. 
Inoculated soy-beans provided 113 
pounds of nitrogen per acre, whilst an 
uninoculated crop only furnished 75 
pounds. Inoculated cow-peas — that is to 
say, peas carrying nodules on the roots— 
furnished 139 pounds of nitrogen per 
acre, whilst a crop without nodules only 
supplied 118 pounds. The seed of soy- 
beans was fully 16 per cent, richer in 
protein when saved from a crop with 
nodules on the roots than when saved 
from a crop without nodules on the 
roots. This means a much higher feed- 
ing value for the nodule-bearing crop. — 

(The Southern Planter,) 

# 

* * 

Orauge Industry in the West 
Indies. — In the orange industi’y of the 
West Indies, a stage of development has 
already been attained when it is no 
longer sufficient to consider the quality 
of fruit only. In the markets of both 
America and England definite trade 
•customs have arisen which it is necessary 
to take into consideration before com- 
petition in their markets is attempted. 
Thus it has become, not only advisable 
but essential to pack fruit in standard 
boxes 12^" by 12^'' by 27" (outside 
measure) with a single median partition ; 
•each orange should be wrapped carefully 
in white tissue paper after close examina- 
tion of the individual fruits to discard 
any in the least degree blemished. The 
fruit should, by the same examination, 
be carefully graded, and each grade 
should then be packed in layers and the 
number and grade marked outside each 
case. Too much care can not be devoted 
to producing uniformity. Such are the 
controlling factors as set forward by 
Mr. H. Hesketh Bell, Administra- 

tor of Dominica, in a paper on the 
cultivation of orange in Dominica, re- 
cently printed by the Imperial Depart- 
ment of Agriculture for the West Indies. 

In discussing the local conditions, he 
lays stress on the choice of stock which 
should be used for the purpose of taking 
the bud. In Dominica choice favours 


the common [wild sour orange. This is 
more resistant to disease than other 
stocks, but in this matter each country 
must determine by actual trial the stock 
most suitable to the local conditions. 

The yield in Dominica is large ; thus 
a seven years old tree will bear as iiiaiiy 
as four hundred fruits, while a mature 
tree in full bearing will give 5,000 fruits. 
Of the varieties most suitable the Jafia 
orange is recommended. Other good 
varieties are Parson Brown, Valencia 
Late, Boone’s Early and Mediterranean 
Sweet. A series of varieties, including 
early and late fruiting kinds, is recom- 
mended to any one starting an orange 
grove. — (H, M. L.) 

* * 

Indian Potatoes for London. — it Is 
known to only a few that India can 
grow new potatoes and land them in 
Covent Garden Market, London, in the 
months of February and March, to be 
sold at from 2c?. to 6c?, a lb. and retailed 
again in the West End shops as a deli- 
cacy at Is. a lb. The experiment was 
carried out a few years ago at Dalsing 
Sarai for a couple of years, several 
tons being shipped from Calcutta to 
London with success, but the enter- 
prise was abandoned not from any 
failure in the packing, shipping or sale 
in London, but entirely from the fact 
that the lands at Dalsing Sarai were 
unsuited to the growth of potatoes which 
were overcome by disease and gave an 
unprofitable return per acre. In many 
parts of India the soil is well adapted to 
the growth of potatoes, and where this 
is the case, disease can be easily check- 
ed, and a trial of the experiment is 
strongly recommended. The potato 
selected should be an early Kidney, such 
as the Jersey potato or MyatPs Ashleaf. 
Very satisfactory results were also obtain- 
ed from the Naini Tal Magnum Boiium, 
but this being a late variety could not 
reach London before March when the 
price begins to sink. Planting should be 
done as early as possible in October, so 
that the potatoes may be lifted in January 




and delivered in London in February 
and March, before the inflow of sup- 
plies from Jersey and the Canary Islands. 
Tlie seed should be of the best and 
should be procured from England or 
better from Australia, where potato 
disease is less prevalent. The land should 
of course, be heavily manured, oilcake 
being excellent for this purpose. The 
potatoes on being lifted should be very 
carefully handled, dried for a few hours 
in the sun, and each potato wiped with 
a piece of Chamois leather. They are 
then sorted into two grades, packed in 
neat boxes 15" by 15" by 6^ to hold 28 ibs. 
and lined with paper. These boxes were 
shipped from Calcutta by the City Line 
and delivered in London in 26 days. The 
potatoes arrived in perfect condition, 
and were sold for ^d. a lb. wholesale. 
The average cost of sending the potatoes 
home was £6 per ton or two-thirds of a 
penny per lb. Should any further infor- 
mation be required, it can be obtained 
on application to the Director, Agricul- 
tural Eesearch Institute, Pusa, Bengal. — 
(B. C.) 


accurate accounts of all charges incurred 
in the cultivation, ginning, shipping and 
the like, on a total area of 95|- acres ; the 
average weight of lint was 235 lbs. per 
acre, of seed 553 lbs ; the a vei^age amount 
realised from lint and seed was Bs. 213, 
the average cost was Rs. 62 per acre, 
giving an average profit per acre of 
Rs. 150 net. The only items not included 
under expenses are cost of supervision 
(European) and interest on capital. Mr. 
BovelPs figures are interesting reading 
and show that the average price for lint 
was between twelve and thirteen annas 
per lb. over the whole area. This is a 
satisfactory state of aflairs and extends 
to a large number of islands ; over one 
thousand acres are under cultivation in 
Barbados, St. Kitts, Nevis and St. Vin- 
cent, and smaller areas in the remaining 
islands. The total aereasi*e in 1902 waa 


Cotton in the West Indies.— Five 
years ago, sugar was the staple crop 
grown in Barbados and, owing to the 
lower prices then prevailing, planters 
were thinking what else could be grown 
either as a staple or as a paying sub- 
sidiary crop. Sugar is still the staple 
crop of this island, but two other very 
valuable subsidiary crops are now ex- 
ported, either of which might, if sugar 
falls again, maintain the prosperity of 
the island. These crops are bananas and 
cotton, both grown for export to the 
United Kingdom. Cotton was experi- 
mentally grown upon a few estates in 
1902-1903. The cultivation has since 
extended and is already a very paying 
one; The figures are given in the last 
number (No. 2 of Vol. VI.; of the West 
Indian Bulletin in a paper by J. B. 
Bovell, who himself has been largely 
instrumental in promoting the growth 
of cotton. Ten cotton grow’ers kept 


NOTES. 


the garden cultivation of Barbados, it 
yields luxuriantly and quickly. A ' 
variety of cotton that will give equally 


excellent results in the hands of the 
Behar planters has yet to be found or 
produced.— -(H. M, L.) 


NEW BOOKS. 


(Dairy Farming in India. A practical 
Manual hy Majors D. J. Meagher and 
R. E. Yaughan of the Indian Arm/y. 
Office of the Superintendent of Govern* 
ment Printing^ Calcutta^ 1904.) 

We welcome the publication of ** Dairy 
Farming in India” by Majors Meagher 
and Vaughan, a book which will be found 
useful as a guide not only for the estab- 
lishment of Military Grass Farms, but to 
those wishing to undertake dairying in 
India as a private enterprise. While we 
recognise the practical experience which 
underlies the authorship, we cannot en- 
tirely pass unnoticed the lack of complete 
information regarding foods in the open- 
ing chapter. Thus in the enumeration of 
the best food grains, no mention is made 
of oats and maize. In many parts of 
India these will be found the cheapest 
and most nutritious of any grains, if 
mixed with a judicious amount of cake 
or pulses. Indeed, oats by themselves 
can hardly be beaten as a concentrated 
food, and maize, though lacking some- 


what in protein, is excellent when bal- 
anced by cake. Maize, too, is probably 
the cheapest cattle food in India, if the 
cob and grain are fed together ground 
to a coarse meal. Considerable experi- 
mental feeding has been conducted in 
America to throw light on this question, 
and the information secured has favoured 
the grinding of the grain and cob to- 
gether. It is assumed that pure meal 
packs in the digestive organs, and is not 
so readily permeated by the digestive 
fluids as is the grain and cob meal, the 
cob making the mass more porous. The 
remarks on Silos are entirely out of date. 
More recent and complete information 
can be secured by a study of the princi- 
ples and methods of American siloing. 
The book is profusely illustrated with 
types of cattle and buildings. It is hoped 
that the authors may see their way to 
providing an index to their next edition. 
The volume is fairly well got up, and the 
printing, paper, and illustrations are a 
credit to the Government Printing Press 
and the Survey of India Office. — (B. O.) 
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THE RENOVATION OF DETERIORATED TEA. 



By H. H. MANN, D.sc., 

Scientific Ojfl>cer of the Indian Tea AsmciaU^^ 

At any moment during the past twenty years the question of the treat- 
ment of old and deteriorated tea has been an anxious and mnch-disciissed 
problem over almost the entire extent of the tea districts of North-East 
India. In fact it is no new observation that under the conditions of tea 
culture in India, the bushes rapidly lose the vigour of their early days and, 
after a time varying from ten to twenty years from planting, may be said to 
have passed their prime, and can only be kept from deteriorating by very 
careful treatment. 

HISTORY OF THE SUBJECT. 

This fact, due in part to the unnatural conditions under which the tea 
plant is cultivated, became very obvious in the very early days of the in- 
dustry. Though the first gardens only date back at the most to the late 
thirties (1835-1840), yet before ten years were past, as the records of the 
Assam Company show, complaints were made that the older planted 
areas had begun to yield less than they had done when ^munger, and 
less than was expected. Of course, we now know that deterioration such as 
this was largely, if not entirely, due to a vicious system of managing the 
bushes and collecting the crop, but the fact remains. By the later sixties 
(1865-1870) some of the planters had commenced to talk about the necessity 
for manures, but the question was nob taken up, and a few tests with fertilisers 
not having been very successful, their use as a method of dealing with 
deteriorated tea was put almost entirely on one side for over thirty years. 

Owing to the very expensive character of manuring and to its veiy 
partial success at that time, it became the rule in many districts to make 
up for the annual deterioration of the older tea by planting new areas 
every year. Thus it was often the case that five or even ten percent of 
the existing area was put exit in new plant each year, with the idea that as 
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soon as the new tea came into bearing, a corresponding area of old cultivation 
should be abandoned and allowed to revert to its original jungle. Sometimes 
the abandonment was carried out ; sometimes, and more often, the 
old cultivation w’as still retained in the area of bearing tea. The former, 
while agriculturally a disgraceful process resembling the jlmminr/ 
system of the Indian hill tribes, was commercially sound ; the latter, in 
constantly increasing the area under cultivation while the yield did not 
increase or only increased in a smaller ratio, was both agriculturally and 
commercially unsound. That this is the case is sufficiently obvious with the 
least thought. There is a constantly increasing area, demanding a constantly 
augmenting labour force both for cultivating the land and plucking the crop, 
and a crop not increasing in the same proportion, and hence costing more per 
pound each year. The result has been, ultimately, a crisis in many gardens, 
and the method is now almost entirely a discredited one. 

While such methods of counteracting the deteriorating effect of age in 
tea gardens and tea bushes were being used, the discovery was made that 
bushes, which had gone very far below their original condition, could be 
brought again into vigorous yielding condition by ‘ heavy priming.’ By 
this type of pruning is meant any system which involves cutting out entirely 
the growth of shoots made in the current year, and so leaiung on the bush 
only wood more than one year old. The tea bush has a marvellous power 
of throwing out new shoots at apparently almost any point of the old wood 
on the plant, so that when all the younger wood is cut out, new shoots mak(^ 
their appeai^ance from the older growth, and, provided the soil is in a satis- 
factory condition and not exhausted, this growth arising from the older wood 
shows greater size and vigour than that produced on the younger shoots only 
grown during the previous season. The advantage of tliis was quickly seen. 
By periodical ‘ heavy prunings ’ it seemed as if it would be possible to keep 
old bushes in full vigour indefinitely. The ‘ heavy pruning ’ conducted under 
the influence of this idea became, year by year, heavier and heavier until in 
the early nineties (1890-1895) it became fashionable in Upper Assam actually to 
cut down to the ground any tea which had deteriorated in yield, and allow new 
shoots to come from the collar ’ of the plant or even below. This was called 
‘ collar-pruning.’ Advantageous and even necessary as such treatment was 
in many cases, the system just described took a far too great extension. 
Hundreds of acres were collar-pruned when the tea was suffering from 
causes for which collar-pruning was no remedy, and it was hardly 
recognised enough that such drastic treatment should only be adopted as an 
extreme, and then only when it was quite evident that the deterioration was 
due to something for w^iqh collar-pruning is a remedy. 
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The present state of the subject is then somewhat as follows. The old 
tea throughout the Indian tea districts of North-East India has mostly 
declined or is declining in value. There is comparatively little plant more 
than thirty years old which does not show this decline ; and much, the age of 
which only little exceeds twenty years, is in the same case. The older 
system of abandonment of the old areas and planting out new to correspond, 
cannot in many cases now go on owing to the lack of available land, and the 
essentially wasteful character of the method is becoming more and more 
realised. The planting of additional areas in a garden to make up for the 
decline of the old tea has been generally recognised as being commercially 
unsound. The renovation of old areas by heavy and collar-pruning, though 
still adopted, and rightly adopted in many cases, has been proved not to ap- 
ply under all conditions. Manuring is, as yet, in its infancy as a practicable 
and regular method. The time is therefore opportune for a discussion of the 
whole question, as to the special causes of deterioration, the signs by which 
each of them may be recognised, and the methods which have hitherto proved, 
both in experiment and in practice, most competent to stay the decline in the 
yield and quality of older tea, and of thus maintaining the value of our older 


areas. 


SIGNS OP DETERIORATION. 

It is not always, however, that the decline in value of a block of tea is 
recognised until it has already got into a very bad condition. Until recently 
the keeping of records for each section of a garden was the exception rather 
than the rule, and, without this, it is almost impossible to recognise the first 
drop from the original yield. I well remember visiting a garden in one of the 
districts of Assam some years ago, which had been making brilliantly success- 
ful years, and was looked upon as one of the show places of the district in 
which it lay. The yield had been keeping up, or rather its decline had not 
been noticed owing to the exceptionally fine returns which were being given 
by young tea newly in bearing. And yet the bulk of the older tea was un- 
doubtedly rapidly deteriorating. Luckily, the matter was recognised in time, 
but I quote this as an example of how brilliant results may sometimes hide 
the commencement of serious mischief. 

But what are the first indications by means of which deterioration in tea 
may be at once recognised ? The resultant loss in yield is usually by no means 
the first sign, for this can be often maintained by harder or closer plucking 
or other means for some years after deterioration has set in. Probably the 
first point noticeable in most cases is the change in colour of the tea bushes, 
rboroiighly vigorous tea, eyen if of the lighter coloured jats^ has a darker 
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appearance than unhealthy plant, and the leap 
very difficult to describe but vv 
whole surface of the tea, at the beginnin^ 
the outer parts of each bush show that each shoot 
which is itself vigorous 

the other hand, if the general colour of the tea in the 
yellow, if the difference between the vigour of the grow 
at the outside of the bushes and in their centres is 
do appear quickly 

the cause of the decline which hi 
out of ten tea which presents these signs will, if examined in May or June, 
be found to be attacked by Red Rust (Cephcdeuros mre.cens), a sure indication 
of weakness in the bushes all over our tea districts. If this is the case, the 
ydlowish colour of the bushes will, at that time of year, be interspersed 
with many shoots bearing variegated leaves. These shoots are practically 
always ‘’hanjhi,^ and if the second year’s w'ood from which they rise be 
examined, it will be found almost alw.ays to bear the characteristic fruiting 
organs of the alga which is known as ‘ red rust.’ f 

Tea, which has the unhealthy colour just described, and has red rust 
in any large amount, is evidently beginning to ‘ go off,’ and the result will 
sooner or later be seen in thin flushes and loss in yield. And in this 
connection may I enter a plea for the universal adoption of a system of 
records of the yield of each block at every plucking on all gardens? I know 
such records are being increasingly adopted, but until this system is universal 
there IS always the chance of a planter or a tea company living in a fbol’s 
paradise until a msis occurs and several unprofitable years follow before the 
tea IS brought into a yielding condition again. Loss in yield should be 
capable of immediate check, and the cause ascerhained at once and remedied 

It a garden is to be kept up to the mark under the high pressure conditions 
of modern tea planting. 

Aocomp»„,i„g the decline in yield the appearnnoe of the wood on a 
bneh nsnal y changes. Th„-e are grey lichens on the stems of nearly all tea 

bnshe.,bntthey on yoccnpy parlofthesnrfaee; in unhealthy plan't, these 

1, Chens seem quickly to spread oyer the whole, giying the wood a peonliar 
greyish appearano. which is generally described by the term -ii* W 
Though this term ^as no definite scientific meaning, yet in a ^hidebound’ 

be °ew young leaves have ceased to 

"I* I^or full dcscTiption of thigi disGasp* . • v i* ■« 

by H. R. Mann and 0. M. H„t.htnsorP ’^Id 


•es have an- oily appearance 
hich can hardly be mistaken. Then, too, the 
ig of the season, seems to be growing ; 

is throwing out new growth 
and with the oily appearance already stated. On 

season is an unhealthy 
th (in March or April) 
great, it the shoots, which 
cease growing and turn banjhi,'^' then it is time to consider 
las manifestly commenced. In nine cases 
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bush the bark alwaj^s seems, distinctly harder than on a thoroughly , healthy 
plant. The most characteristic feature is, however, the fact that leaf growth 
seems to cease in large measure except from the younger wood on the top 
of the bushes. The result is that a ‘ bush always looks hollow, 
and while it may appear fairly vigorous on the top. an examination below 
indicates the unhealthy condition in which it really is. The usual and often 
the right prescription for such bushes would be heavy pruning. This is not, 
however, always the case as will be realised later. 



CAUSES OF DETERIORATION. 

We have described the most obvious signs of an unhealthy deteriorating 
bush, and the special causes which produce such unhealthiness must next be 
considered. Deterioration in tea, apart from incorrect management, must 
* due either to exhaustion of the land, or exhaustion of the bush, and it has 

been a common subject of discussion among planters as to which is usually 
first noticeable. It seems now clearly proved that the question does not 
admit of a definite and generally applicable answer. In many cases, and 
in my experience notably in the Duars, the bushes show signs of being 
worn out long before the soil could be considered exhausted. In others, 
the marvellous results obtained by adding manure to the land, without any 
further treatment, show beyond cavil that the bushes would yield and 
continue in good health if only the soil was rich enough, or the plant food 
present in an available condition. I am strongly of opinion that in by far the 
greater proportion of cases it is exhaustion of the soil, coupled with incorrect 
treatment of one sort or another, which brings about the first decline in the 
i value of areas of tea. At any rate it is no use touching the bush until one 

is certain that the soil is in good enough condition to enable the bushes to 
respond to the treatment. But how to ascertain whether there is anything 
wrong with the soil ? 

DRAINAGE. 

In the first place, it should be made certain that the drainage of the 
I land is satisfactory. This, I think, can be done on the spot, by three or 

four tests. These tests concern (1) the moisture in the subsoil in the 
cold weather, (2) the depth of the subsoil water in the rains, (3) the rapidity 
with which the heavy rain disappears through (not over) the soil on a piece 
of flat land. With regard to the first of these matters, it can easily be 
tested by digging a hole two feet deep, weighing, say, ten pounds of the 
^ damp soil at the bottom of the hole, drying it in a warm place near the 

f boiler for, say, two days, and re-weighing. Now the maximum amount of 
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water %vhich ten pounds of different classes of dned soil can take up when 
saturated is approximately as follows :■ — 

Sandy soil ••• 2*25 pounds. 

Light loam •.« 3*04 pounds. 

Medium loam ... ... ... 3*22 pounds. 

Heavy loam ... ... .. 3*32 pounds. 

Clay soil ... ... ... 3 85 pounds. 

If, in the cold weather, the subsoil between two and three feet deep 
contains more than one-third of this amount (or perhaps one-half with a 
sandy or light soil) calculated on the dried soil, it will be most probably 
waterlogged in the rains, and needs subsoil drainage badly. The next test 
can be still more easily applied by digging a hole in the land after rain has 
been steadily falling for some days at the height of the monsoon. If, at this 
time, the water is within three or even four feet of the surface, a case for 
immediate deep drainage has been made out. A still further test depends on 
the rapidity with which the water falling on the surface disappears into 
the land. Observation on this point is only valuable after there has been 
much rain for some days, and the soil is thoroughly wet. In any case 
two hours after the rain ceases, the surface should be free from standing 

. o 

water. 

If the land answers satisfactorily the tests above set down, I think that 
it may be concluded that the cause of the deterioration lies elsewhere than 
in the drainage ; if not, systematic draining must be undertaken. It would 
lead us too far to go here into the methods by which the drainage must be 
done, and for this I must I’efer the reader to the chapter on the drainage of 
tea gardens in “ Tlie Pests and Blights of the Tea Plant” (second edition), 
by Sir George Watt and the writer, published in 1903. 


PHYSICAL CONHIHON OF THK SOIL. 

But if the drainage is satisfactory, is the physical condition of the soil 
and subsoil as it should be f In other words, is the soil in good ‘ tilth’ not 
merely on the surface, hut for some distance into the land as well ? If not, is 
the nature of the soil to blame, or is the condition solely due to lack of 
adequate cultivation ? The first test to be applied in this connection is the 
pressing of a stick down into the land. It will most likely be easily forced 
in to the depth of four to six inches in any garden, but in one where the 
soil conditions are good there should be no trouble in driving it by pressure 
of the hands alone to eight or ten inches, and sometimes even to fifteen 
inches deep. If such a stick shows evidence of a hard layer (otherwise 
a ‘ hard pan ) at a depth of less than ten to twelve inches, it is evident that 
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the condition of the soil needs improvement. A second test is furnished by 
the condition of the roots themselves. If they are flattened out, if all the 
rootlets which tend downward become rapidly small and stunted, if the whole 
root development is a surface one, this affords a strong reason for supposing 
that the subsoil conditions need improvement in a physical sense.* 

The soil improvement needed maybe merely more and better light 
hoeing. In quite a number of tea estates, in the Dnars for instance, which 
have come under my notice and where the tea is said to be ‘ going back,’ 
this is almost certainly the case. The precise cause of the effect which this 
light cultivation produces on the bushes has never been entirely explained. 
Its primary object is, of course, always held to be the burial and destruction 
of jungle growth. But it must do more than this, for, in places as we have 
noted above, where jungle growth is very small, the effect of lack of culti- 
vation is equally obvious in a rapid yellowing of the krshes and a speedy 
increase in disease. In a large measure, no doubt, the cultivation is useful 
because it keeps the surface soil loose, and allows the tea rootlets thus easily 
to push through it. There is, we fancy, something even beyond this. In 
heavy soils, at any rate, there is always a large amount of plant food in the 
soil that no plant can use, as it is not in a condition in which it is absorbable 
by vegetable growth. This becomes only gradually available in the soil 
when it is exposed to atmospheric influences. A large quantity of the 
phosphoric acid and potash in heavy soils is usually in this unavailable 
condition, and it needs the exposure caused by the regular hoeing to make 
them ready to be absorbed by plant life. This is the more probable, because 
as land gets older and longer under tea, cultivation becomes more and more 
necessary to maintain vigour in the bushes, and a garden which will in its 
early days do well with four light hoes per annum, will ten years later need 



six or seven to give anything like equal results. 

While on this point I cannot refrain from referring to a controversy 
which has recently arisen as to the value of hoeing a garden in the latter 
part of a season, say from August onwards t My own idea is that such 
cultivation is extremely valuable, and this largely from considerations not of 
the results for the season in which it is done, but rather of the following 
one. It may generally, I think, be said that any lack of hoeing in the 
latter part of one year is likely to be felt in poor thin weedy growth at the 
beginning of the following season. 


* This argument hardly applies to tea planted on peat bheels, for the root development is 

there always a surface one. 

t In some Buars gardens littlejioeing is done after June. The above remarks apply still 
more strongly to such cases. 
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Quite as often as it is the result of deficient light hoeing, the deteriora- 
lion in the tea is directly caused by poor shallow cold weather cultivation, 
or by this cultivation being done very late. One can hardly too strongly 
insist on the importance of the cold weather deep hoeing. If done deep 
enough, it makes the lower layers of the soil friable, and hence penetrable 
by the delicate tea roots. It causes the retention of a large quantity of 
moisture during the dry season in the subsoil for the use of the plant, which 
would otherwise be lost. Very frequently indeed the non-luxuriance of a 
tea estate can be traced to scam[)ing of the cold weather deep hoe or to its 
being left too late. 

While adequate cultivation can be obtained by hoeing of various kinds, 
this does not make the deeper subsoil friable and penetrable for the tea roots 
as it should be. This can only he done by growing deep-rooted trees and 
jdants in among the tea. To this subject we will return a little later in 
dealing with green manuring. 

EXHAUSTION OF PLANT FOOD. 

But the land may be well drained and cultivated, it may be in good 
physical condition to a sufficient depth, yet if it is exhausted of plant food, 
these will count for little, and manuring in one form or another will be 
essential. This stage has been reached in many Assam gardens, and can be 
judged on the spot fairly well by several indications. The first of these is 
the character of the weed herbage. Wherever, for instance, ^ /Zami’ "cold 
weather iveed’ (Aperatum sp.) grows vigorously, the soil is not exhausted ; 
and the same may be said of quite a number of the eoniinon weeds of tea. 
A short, stunted herbage, principally of small grasses, on the other hand 
always looks bad, and seems to indicate exhausted land. A little examination 
of the jungle on good land and on the old areas of a garden will very 
quickly show the difference in the character of the weeds on which I wish to 
insist. A second and excellent test of the exhaustion or otherwise of a tea 
soil is obtained by trying to grow mati kalai (Pliaseolvs miinrjo) upon it. If 
this be put into well hoed, slightly moist land, at the end of April or the 
early part of May, and it is not ruined by very heavy rain, the vigour of 
its growth may be taken as a very fair measure of the condition of the soil 
in this respect. If it flourishes and grows two feet high or more in six or 
seven weeks, the soil is good enough for the time being ; if not, it is pro- 
bable that manure is required before the tea will reach what it ought to be. 
A third indication of the exhaustion of the surface soil is given by a 
gradually increasing difficulty in retaining good tilth on the surfiice of the 
land. The condition of the soil largely depends on the amount of organic 
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iiiatter present, and when this disappears tbrougli long growth of a crop, 
the tilth soffers, and the surface after hoeing often quickly forms a hard- 
baked layer of soil again. 

The last and ultimate test of exhaustion is analysis of the soil. It is 
necessary to urge tea growers, however, not to depend too much on the 
indications which this gives, for soil analysis even in its most modern 
developments is essentially a very clumsy means of finding out the real 
richness of the land. But if all the indications above named give results 
tending to show that the soil is exhausted, it will probably be wise to have 
the soil examined by a chemist, in order to determine the most economical 
way of applying the manures which they have shown to be necessary. 

Limits of space do not allow me here to go into the question of the 
manures adapted to special soils and special conditions. Suffice it to say 
that where the principal deterioration is in luxuriance, there the more 
important manure constituents will usually be organic matter and nitrogen, 
and these can best be supplied by top-dressing with good hheel soil, if avail- 
able, by cattle manure, by oil cake, or by green manures. If deterioration 
in quality is chiefly to be treated, manures containing phosphates appear of 
the greatest importance. There is one class of manure whose effect has 
proved very great under many conditions, and the application of which costs 
very little — I mean green manures. 


CmEEN MANURES. 

First and foremost of these in the Indian districts come the leguiniiious 
trees, of which the sau ( Albkzia stipulata ) is the chief. They not only 
manure the soil by their leaves and roots, but also improve the condition of 
the land in which they grow. Their effect is little seen during the first three 
years or so of their life, but as they become mature they produce a dark 
healthy colour on the tea all round them which is quite different from the 
remainder of the blocks in which they are planted. The best practice places 
them sixty feet apart throughout the tea and keeps them well lopped so that 
they do not overhang the tea bushes. 

In the second order come the leguminous bushes, of which the only one 
hitherto tried on an extended scale is the boga medeloa ( Tejyhrona Candida) 
which has given excellent results both in Assam and Sylhet. A few seeds, 
generally 3 or 4, are planted on a small heap between alternate bushes in 
alternate rows in April or May, and protected from the hoeing coolies by a 
tripod of three sticks. By the end of the season the plants are seven or 
eight feet high, and from this time the whole should be kept trimmed to a 
narrow shape, and everything that is pruned off buried with the hoeing. 
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This trimming should be done four or five times every 3 "ear 5 mid muy well be 
done before every round of hoeing, and the material be buried with the hoe. 
The bush should be kept so that it does not interfere with the pluckers, nor 
materially shade the tea. At the end of three years the whole plants are 
pulled up, and buried in ti’enches between the rows of tea. This method has, 
as has already been said, given good results on light land, and the increased 
vigour ill old and deteriorated tea has quickly shown itself in the yield, as 
well as in the appearance of the bushes. The boga medeloa has the special 
advantage of growing in very poor light soils, such as would not grow any 
crop of almost all the other green manures which have been tried. 

In the third rank of green manures stand the annual crops which are 
grown for a short time on the land and then hoed in as a whole. In India, 
very great results have already been obtained by the use of mati kalai 
{ Phaseoh(s mango which is sown broadcast on the land at the end of April 
or the early part of May and hoed in at the latter part of June or the early 
part of July. It is found unwise to allow it to remain on the land more than 
about eight weeks. During 1905, equally good results have been obtained 
on an experimental scale with two other plants, skriata ( the crop 

principally used for this purpose in Ceylon) and dhaineha { Sesbania 
Gannahina \ a common crop of Lower Bengal. Each of these remains on the 
land eight to ten weeks, and is then hoed into the soil. The effect seems 
partially due to the considerable improvement which thej’’ always effect in 
the texture of the land, and partly to the very large amount of nitrogen 
which they take up from the air by means of their root nodules, and so make 
it available as plant food for the tea. The trouble with each of them is that 
they will not grow on very highly exhausted soils, and in such cases demand 
a small quantity of cattle manure { say two tons per acre ) to give them a 
start, after which they will grow luxuriantly. 




LETJ5RIORATION OF THE TEA PLANTS 

We have dealt with the methods by which deterioration of lea due to 
defective soil conditions or to soil exhaustion may be treated. We cannot 
too much insist that in anj" ease of manifest decline the soil sliould be the 
first thing looked to, and heavy or collar pruning of the bush only adopt- 
ed after becoming sure that the fundamental mischief does not lie in the 
exhaustion of the land. But if this is certain, then the bush itself should 
be examined, and the cause of the decline most probably will be found there. 
The causes of the deterioration of a tea bush seem to be inseparable from 
the method of culture. When a tree, usually eighteen to twenty feet high, is 
kept down to four feet as a limit ; when every green shoot which it throws 
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out is nipped off more or less closely ; when the annual pruning on the 
youngest grown wood renders the course of the sap in the plant continually 
longer and more circuitous ; it is only natural that >sooner or later (the time 
de{)ending on the vigour of the bush, and this on the richness of the land), 
the plant will begin to decline in yield, that the younger shoots will become 
less energetic in throwing out new leaves, and that the tea will begin to 
deteriorate. 

The result obtained is in accordance with this expectation, but there are 
methods of culture which hasten the day of decline, and which have made 
many gardens begin to ‘ go off ’ before the time they need have done. The 
earliest and still the most frequent of these is probably too hard plucking 
in the early part of the season. It is well known and well recognised that 
if a bush is to continue healthy and yielding, great care must be taken with 
the first and second series of shoots in the year, but, even yet, I am contident 
that anxiety to make tea in May and June is at the bottom of the rapid 
decline of many a good garden. The growth which is allowed to remain on 
the bush immediately after pruning is left for three reasons. First, in order 
to provide wood for pruning, in the next year ; second, to give the bush 
enough leaf growth to keep it well supplied with breathing organs during the 
season ; and third, to afford plenty of leaf axils from which the secondary 
shoots or 'flushes’ may arise. To provide for the second of these purposes 
Far more growth is necessary than would be required to supply the first and 
third, and it is due to the non-recognition of this fact that the early pi lick- 
ings have often been too close, and numerous evil results have followed and 
are following. In the later part of the season when there is amply suffici- 
ent leaf growth to feed the bush, the young shoots may be [)1 ticked absoluteh^ 
close as they grow, but to do so (in North-East India) even under the 
most favourable conditions of growth till the beginning of July, is a policy 
which, though it may apparently do well on a young and flourishing garden 
for some years, will quickly bring about a serious decline in the value of the 
bushes. 

The second principal hastening cause in the deterioration of tea bushes 
is incorrect pruning. The subject is too long a one to deal with here in 
full.^ It may be said, however, that in the past damage has been done both 
by cutting too little out of the bushes, and in a less measure, by cutting too 
much. The following points should, however, be noticed in priming, and even 
if the process then costs more than it has usually been the habit to spend, the 


For a consideration of the principles underlying tea pniiiing see Chapter VI (d‘ “The 
Pests and Blights of Tea Plant.” by Watt and Mann, 1908. 
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extra amount is well invested if the decline of the bushes is, by this means, 
delayed : — ■ 

(a) All dead branches should be removed. 

(h) All gnarled twigs and ‘ crow’s-foot ’ clumps of imperfectly formed 
shoots (otherwise, the previous year’s hanjlii flushing) should be taken out. 

(c) All snags, which are seen to have little chance of healing over, might 
well be pruned off. 

{d) All ‘‘trailing” branches at the outside of the bush are better away. 

{e) All the previous year’s horizontal shoots at the outside of the bushes 
should be headed back to induce them to throw out vertical shoots. 

( f) All small twiggy shoots throughout the bushes, which will never 
give strong healthy wood for the next year, should be cut right back to the 
stem from which they arise. 

{g) The amount of new wood left on each shoot should be as little as 
possible (generally not more than one and a half inches), consistent with this 
containing one bud, dormant or otherwise. 

(7i) The same length of new wood should be left on each pruned shoot 
throughout the bush. 

Where deterioration of the bush has commenced, either in the normal 
course or hastened by incorrect pruning or plucking, there is one method of 
bringing it back to a healthy condition, provided always that the soil and the 
roots are in a thoroughly satisfactory condition. This is by ‘ heavy pruning. ’ 
Though more rational methods of annual light pruning will make heavy 
pruning necessary less often than it would be otherwise, and less often than 
it has been in the past, yet just as {)runing at all is necessary to remove the 
refuse mass' of twigs \Vhich plucking, say twenty to thirty times in the season, 
leaves in the bush, so heavy pruning is necessary to remove the refuse of 
several light prunings. But it is not merely a method of removing the refuse 
non-yielding wood from a bush ; it also has an effect in directly stimulating 
the plant to greater exertions, and this is evidenced, if by nothing else, 
by the greater development of small-feeding rootlets after heavy cutting of 
the plant, provided the soil is such as to allow of their formalion. This is 
probably one of the principal reasons in some cases why heavy and especially 
collar pruning has been such a great success. The bushes are a mass of 
useless wood, inadequate feeding of the root energies occurs, and little new 
root growth takes place. The bush is heavily pruned or even collar pruned, 
and allowed to rest, when the whole of the new growth spends its time in 
feeding roots innumerable ; new and valuable rootlets make their appearance, 
and the result is a magnificent bush, which, if dealt with properly, gives as 
good a plant probably as has ever been in the place before. 
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The amount of pruning required to stay deterioration is a matter which 
can only be settled by a practical man on the spot. There are, however, 
several general guiding principles. In the first place, heavy pruning should 
not disturb, if possible, the shape and framework of the bush, and if it is 
necessary to cut so low down that this is destroyed, collar pruning is indicat- 
f ed. Secondly, as few knots as possible should be left below the cutting. 

Again, grey licheiious growths on a bush are a sign that the wood on which 
they are taking place must be cut out ^ if it cannot be made vigorous by 
heavy manuring. Fourthly, it seems that in almost every case manure should 
be applied either before or at the time of heavy pruning, at any rate if the 
pruning is really low. It will stimulate the bush at a time when it has suffered 
a great shock and so should usually be given even on a good soil. Finally, 
the bush must be nursed and easily treated for a long time after the heavy or 
collar pruning is carried out, and in very low catting it requires very care- 
ful cultivation, especially immediately round the stem of the bush. 

TREATMENT OF VERY BAD TEA. 

There may come a time in any garden, and it has already come in a 
few gardens in the older portions of Assam, where the methods hitherto 
mentioned seem insufficient to bring deteriorated tea back to a profitable and 
yielding basis. The bashes have been collar pruned and heavy pruned until 
there is no opportunity for further work in this direction. Manure has been 
applied, but the result has not been profitable. Under these conditions what 
is to be done ? Until recently the only answer has been to abandon the tea 
altogether. Objectionable as this may be, in some cases it is perhaps still the 
only policy, but experiments have been initiated in another direction during 
the last three or four years which will perhaps result in bringing back tea 
to a profitable condition w^hich would otherwise fall out altogether. 

Essentially the process is this. The hush is heavy pruned again, cutting 
wherever reasonably good wood can be obtained, the block is manured with 
say fifteen maunds of oilcake per acre or an equivalent amount of cattle 
manure, and then the whole is left absolutely unplucked either throughout 
the whole season or until August, September or even October, receiving its 
full share of cultivation, however, the whole time. Under these circum- 
stances bushes often produce thicker wood than they have done for many 
years, which can form a basis for future growth. Whether the rejuvenation 
of the bushes will be permanent is a matter for time to decide. The whole 
question is still in the experimental stage, but there seems a likelihood that 

* This is not quite the case in hill districts where lichen and n^oss are rnuch commoner than 
elsewhere, 
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by tin's means tea, which would otherwise have to be abandoned, may be again 
made usefnl nml profitable. 


CONCLUSION. 

We have now dealt with the signs of deterioration, its causes, and the 
methods which seem best adapted for bringing back to a profitable condition 
much of the tea in India which has now declined from its former value. 
While much of the deterioration which has taken place in the past has been 
natural and the result of age, very much more has been the result of un- 
wise treatment of either the soil or the plants. In conclusion, it must be 
urged very strongly that in the matter of dealing with tea, prevention of 
deterioration is very much better than any cure. A little money spent in 
draining, in manuring, in cultivation, in more careful pruning, or a little 
less feverish anxiety to take the last farthing out of the bushes in the way 
of yield (more especially in the earlier part of the season), will often prevent 
a crisis such as has frequently occurred in the history of so many tea 
concerns. To this aspect of the question I would most earnestly draw the 
attention of those gardens now in a flourishing condition, while the methods 
I have here suggested may well be applied by those in the less happy posi- 
tion of holding in their properties already deteriorated tea. 


MOTHBORBR IN SUGARCANE, MAIZE AND 
SORGHUM IN WESTERN INDIA. 





By H. MAXWELL-LEFROY, m.a., p.k.s,, p.zs 
Entomdogist to the Government of India. 

WEBREVIiiii sugarcane is grown as a staple crop, it is infested with the 
caterpillars of moths, known under the general name of “ Mothborer.” 
These insects belong to a large family of moths, Pi/ralidfe, and fall chiefly in 
one subfamily — ^the Grassmoths or Cramhidm. 

In different parts of the world, different species occur, and though these 
sire to some extent spread over large areas, those of the East sire in the 
main distinct from those of the West. Java has several species not as yet 
known in India, nor is the common mothborer of the West Indies, Diafrwa. 
mecharalh, definitely known in India, though it is recorded in (leylon. 

The mothborers of India are of several species ; the one diseusssed in 
these pages, Ghilo .umplex, is certainly the only species widely spread as a 
pest in Western India. Quite recently it has been found that one of the 
mothborers of Bengal is C/iilo anricilia, a species extremely easily confused 
with a .umple.v. Though the latter is stated to be the common mothborer 
of all India, this .statement may now be taken with caution, and until more is 
known of the mothborers of different places, the identity of the particular 
species is better left in doubt. In addition to the Chih, there are such 
borers as Seirpoplmga auriflua, S. exeerptaUs, Nonagria untforini.'i etc. While 

fhe.se do not occur commonly in Western India, they are known in Bengal 

and their range is a matter of doubt. It has, therefore, been thought best”to 
entitle CMlo dmplex the mothborer of Western India, with the reservation 
that it may prove to be the most common mothborer of Bengal, Madras, the 
United Provinces, Punjab, etc. 

Years of work will be required to ascertain the range of the various 
species, and the mothborers of cane in Bengal should be investigated and 
worked out as the next step in this enquiry. It may be pointed out that 
though the difference between Chilo simple.e.&nd Chilo aimcih'a may be one 
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that appeals only to Entomologists, the difEerenees in their habits may be so 
great as to make the treatment of each quite distinct. The differences 
between CMlo simplex and Diatrcea saecharalis are small, but the best 
remedy for the latter is useless for the former, so that the conclusions arrived 
at from a study of CJiilo simplex in Western India cannot be applied offhand 
to similar insects in other parts of India. It wilt be necessary to obtain 
larvm and rear them for determination. When it is known what species 
occurs in each province, the remedies for the proper insect can be applied. 

LIFE HISTORY IN SUGARCANE. 

(A.) Eggs. The eggs (Plate X, fig. 1) are laid by the moth in clusters 

on the leaves. Each egg is oval, flattened, about one millimetre long ; the 

upper surface is very finely marked and is not flat but slightly convex. The 
eggs overlap, in two rows as a rule, (Plate X, fig. 2) and give’^the appearance 
of nearly flat oval cakes of dough laid down one after another in two rows. 
The whole cluster is fastened to the leaf, sticking to it. The number of egos 
forming each claster is very variable ; as a rule it lies between 10 and 30, 
the average being about 14. In young canes the egg clusters are found 
nearer the top or on the centre leaves that stand straight up. The upper 
.side is the most usual and near the mid-rib or on it, but there is no great 

regularity in this. The eggs^when first laid are a dull creamy white ; this 
colour lasts for some period and towards the time for hatching the eggs turn 
orange and a black spot appears in the middle. The caterpillar can be .seen 
curled up inside, the black head in the middle. It has only to bite throuo-h 
the thin shell and emerge. The empty egg-.shell is white. In canes that ate 
forming “ joints ” and in ripe canes, the eggs are laid on the leaves, usually 
on the apical half on the upper surface. It is not easy to find eggs on old 

canes owing to the great lea:f expanse to be examined, nor is it always easy 

to see eggs on young canes. The colour is so inconspicuous, the size so small, 
and the clusters so like tte spots,’ splashes of excreta and the like on cane 
leaves, that the eggs very readily escape notice. 

Slack eggs. It is not unusual to find that a proportion of the eggs arc 
of a deep brown or black colour. These eggs contain parasite.s, which feed 
upon the substance of the egg and then make a tiny round hole in the 
centre of the egg for emergence. Such eggs may be found before and 
after the parasite has emerged ; the proportion of black eggs to normal eggs 
may be very large, as much as 75 per cent ; also as the black eggs that have 
hatched stay on the leaf, whilst normal eggs that hatch (and which are 
white) soon fall off and are not found, one may find large numbers of black 
eggs from which the parasites have emerged. There are, therefore, five kinds 
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of e^g clusters : (1) Light yellow eggs, freshly laid. (2) 'Orange coloured 
eggs,, which will soon hatch caterpillars.. ■ ' (3) White eggs, eggs from which , 
caterpillars have hatched. (4) Black eggs, whole, which contain parasites. 
(5) Black eggs with a small puncture, from which the parasite has escaped. 

(S.) Caterpillars , — The caterpillar as it emerges from the egg is a 
tiny worm-like creature, some two millimetres in length, of an orange colour 
with black head. The body is slender, the head large ; there are bands of 
deeper colour round each segment and small dark hairs that give it a spiny 
appearance. It walks actively about the plant, sometimes letting itself down 
by a thread from the edge of the leaf. The epidermis of the leaf is eaten 
in little spots, and the caterpillar often burrows into the mid-rib and tunnels 
down towards the centre. In a short time it reaches the heart of the shoot 
and lives in the outer leaves for some days. Gane shoots are often found 
with small patches of epidermis eaten off, fine dust lying on the centre leaves 
and a general appearance of having been eaten by caterpillars; this is doe 
to the newly hatched caterpillars and a sure sign of the recent hatching 
of an egg-cluster. 

After the caterpillar has become larger (|-iiich long) it tunnels into 
the heart of the cane and feeds on the rolled up centre leaves or the grow- 
ing point of the stem. As a rule only one large caterpillar is found in each 
shoot; the others leave the shoot and attack separate shoots. The centre 
leaves are cut through and die ; as they wither the dead shoots are readily 
seen and in such shoots (called dead hearts ”) the caterpillar can be found. 
If the shoots are small, one caterpillar will eat several, eating its way in and 
out of each at the base, at the level of the ground. If the shoots are large, 
one caterpillar will find sufficient food for its whole life, and there may be 
two in one shoot. Whenever the growing point is eaten the shoot dies. In 
older canes, the caterpillar tunnels in the joints and does not necessarily 
destroy the growing point and kill the shoot; as soon as joints begin to 
form, the ‘‘dead heart’’ is not seen and fewer borers are found. The 
borer ‘is seldom found in the ripening cane to any extent ; it leaves the canes 
after the joints form and then prefers other crops. 

The full grown caterpillar (Plate X., figs. 3-4) is one inch long, the head 
black or dark brown, the body dirty white. There is a conspicuous dark 
patch behind the head, and as a rule two lines of dark colour running dowm 
the body from head to tail on each side. On each segment there are small 
spines or hairs set on dark spots ; the usual three pairs of jointed legs and 
five pairs of sucker feet are present. 

The actual colour of the caterpillar is extremely variable. A caterpillar 
living in a cane shoot and feeding actively has the black spots on each 
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t-eonient well marked ; as it becomes full-fed, purple brown pigment is found 

in the tissues, showing as a longitudinal line of colour on each side. When 
resting prior to pupation, the colour may entirely disappear. Hibernating 
larvm frequently show no spots, the colour of the hairs and spots being the 
same dirty white as that of the skin ; the purple brown pigment may be 
largely developed, not in longitudinal lines but in curved lines in each seo-- 
ment. (Plate X., figs. 5-6.) 

It is diflacult to be certain of the identification of the larvm of the 
mothborer ; it is closely similar to the larva of the Eonagria that lives in 
wheat andjuari ; it also resembles closely the borer in brinjal stems, {Solarium 
melongena) several borers in paddy, Ac. Microscopic examination of the 
mouth parts, spiracles, hairs, and the like, is necessary to dififerentiate these 
larvEB, and the best plan is to rear the larva in captivity until the moth 


emerges. 


The caterpillar can produce silk and uses it chiefly for preparing the 
burrow for pupation. Sometimes the whole burrow is lined with closely 
woven silk ; often the caterpillar lies in a long tube of silk and dust. The 
duration of the caterpillar stage is exceedingly variable ; in hot weather in 
young cane the larva is full fed in about four* weeks ; during the winter in 
dry sorghum stalks the caterpillar hibernates and this period may last from six 
to eight months. It is not hibernation proper, that is, it is not dependent on 
temperature, since a part of this period (March to May) is in the hot weather. 
Probably the duration of the larval life is simply a matter of food, moisture' 
and season. The caterpillar can pass to the pupa stage four weeks after- 
hatching : it can rest as a full-grown insect for six months or longer if it 
wishes to or if the conditions render it necessary. 

(C.) The CliTysahs. At the end of two days’ quiescence, the cater- 
pillar sheds its skin and appears as a small brown chrysalis. (Plate XI , fio-. 1.) 
The male chrysalis is smaller (i-inch) than that of the female (|-iitdi/ 
though both are otherwise identical in appearance. The chrysalis remain.s 
motionless in the burrow, with its head to the opening ; it can make convul- 
sive movements with its abdomen but has no means of locomotion, and during 
this period of quiescence the tissues of the moth are built up from the tissues of 
the caterpiUar. At the end of six days the male moth emerges, the chrysalis 
skin breaking open in front to allow the moth to escape. The female chry- 
salis requires one day longer, in some cases two. This is the usual period 

when the weather is warm or during the rains ; chrysalides are sometimes 
found during the cold weather with hibernating larvm, and the insect evident- 
ly can hibernate as a chrysalis. In this case the chrysalis period may be 
very long, but apparently when the insect hibernates as a chrysalis, it emerges 
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as a moth when the .weather becomes hot. In this case, it is true hibernation 
depeiident upon temperature; the larvae that hibernate can remain as 
dormant larvse during the hot weather succeeding the winter, the pupae 
apparently cannot 

(i?«) Ihe Moth — The moth is a small yellowish grey insect with pro- 
minent palpi projecting in front of the head like a beak ; its appearance is 
best realised from an examination of the figures on Plate XL The male is 
distinctly smaller than the female and is frequently darker In appearance ; 
the hind wing is also slightly darkened, and not, as in the female, white. The 
wings when spread measure nearly one inch across. In repose the wings 
are laid on the back, one overlapping the other, as if wrapped round the 
abdomen. 

The moths fly in the dusk and at night. During the daytime they 
hide among the leaves or on the ground and come out as dusk falls. In 
captivity they are not long lived, a week being usually the longest period ; it 
is probable that being unable to feed (the proboscis being absent) they live 
only long enough to mate and lay eggs, the male dying after mating, the 
female after all the eggs are deposited. It would be interesting to know if 
the moths can remain dormant when there are no plants on which to lay 
eggs ; moths emerging during the hot weather before the rains may not find 
any food-plants and it seems likely that they can remain dormant probably 
in the ground until the rains bring fresh crops. 


FOOD PLANTS. 

In addition to cane, this insect has been found in maize {Zea mais) 
and juari { Andropocf on sorghum)^ rarely in bajri (Pennisehtm typhouleum). 

In cane it principally attacks the young shoots, but can attack the stem 
at any stage of growth. In maize, besides the young plants, it attacks the 
stem, the cob and the tassel ; the succulent stems are often riddled through by 
the tunnels of these caterpillars ; the young caterpillars feed on the leaves 
and then pass down to attack the stem. The tassel is sometimes eaten up by 
them ; great numbers especially young ones may be found, and they like to 
feed on the tassel before burrowing into the stem. The cob is also eaten, the 
worm eating through the sheathing leaves and burrowing in the cob or 
simply eating the grain. In sorghum, the young plants are attacked and also 
the stems of older ones. In all stages of growth the stem is attacked and as 
a rule the grain is untouched. The following is quoted from the report of 
the Cawnpore T'arm for 1901-1902: — 

“ This borer is not the only one, but that which about here apparently 
does most damage to sugarcane, maize and juari. Last year the sugarcane 
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was attacked in the early stage, destroying the voungT shoots. As the 
plants grew stronger no further damage was observed, and I was unable 
to find any outward signs of the borer during the rest of the sugarcane’s 
growth, though larvae were found in the tops at crushing time. This 
year the young shoots have again been attacked in a similar manner. 
The Juari plants appear to be nearly all more or less attacked at some time 
of life, but it does not appear to affect their growth and production of 
gram very much. The maize plants are attacked when young, in some 
cases killing the plant and in others injuring its^growth. The laiwa?’ pupate 
in the stalk or inside the leaf sheath and the second generation appears' to 
attack the plant higher up, the larvm entering the stalk a little below the cob, 
and in many cases the cobs were injured by the larva? eating a passaae 
through the grains along the face of the cob and finally pupating there. 
There appears to be no difficulty in transferring these borers from one”of the«e 
three plants to the other.” (J. M. Haymau.) 


DAMAGE. 

At Came.— Mothborer is chiefly injurious to canes in the young staoe 
before any cane joints are formed. From the time that the shoots are wSl 
out of the ground, the caterpillars feed in them and every shoot bored dies. 

eie may be a veiy heavy loss of shoots, in some cases a practically total 
loss of the first growth. New shoots are formed and such of the.se as‘ escape 
grow up to form canes. The result of this form of attack is a more or less 
serious retardation of the growth of the plant, in some cases amounting to'a 
total destruction of a percentage of the crop. Up to five months after 
planting this form of loss continues. When joints are formed, the mothborer 
lives 111 the joints and does not cause the death of the cane shoots. There is 
a reduction in the yield of sugar from the damage done in the ripening cane 
by the caterpillar, but no serious case of this has been found during the past 
seasons, the borer being only destructive to cane in the first five months. 

^ In So 9 ^^/ium.~Jimn is attacked in all stages ; joiing plants are attacked 
m the same way as are cane plants ; older plants are very much infested with 
the eaterpil ars, the stalks being tunnelled and the plant often so weakened 
hat It IS blown down and dies. This leads to the weakening or death of 

the plant ; no case seen has been serious, though a case of large dauuure to 
jiiari IS reported from Sind. ^ 

.1 ack,d ,„d k.l„d, i„ tt, c»e of .• th. .te,m of older Lota a,‘e 
1 . i led ; the tasael aod the deTelopiog cob may be full of cater, nllL, in tho 
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latter case the grain being eaten and the cob rendered valueless. In this crop 
there is material direct injiirj to the valuable grain, and the injury is likely 
to be of great importance. 

.ENEMIES. 

The eggs are parasitized by a minute parasite {Penartliro7i indiecB 
one of the minute Hymeiioptera which lay their eggs in the eggs of other 
insects. Eggs which contain parasites turn a dark colour and become 
black ; a minute hole is then made and the tiny flying insects emerge from 
the egg. They are so small that they escape notice and can only be seen 
by the aid of a good magnifying glass. To what extent they regularly 
occur is not known, a varying percentage of the eggs found yielding para- 
sites. This percentage varies from about ten to over eighty per cent, and 
depends upon the length of time the borer has been laying eggs, the 
number of eggs laid, and the like. 

The caterpillars are preyed upon by a black beetle grub (CarabidcB) 
which runs actively about seeking the larvse, which it sucks out. This insect 
apparently preys upon the caterpillar while it is exposed, as on the tassel 
and cob of Indian corn. It has not been found attacking mothborer cater- 
pillars in other crops and probably cannot reach them in their burrows. All 
attempts to rear this larva failed. A chalcid parasite, Cotesia Jiavipes^ Cam. 
(Plate XL, fig. 5), has been recorded as attacking the mothborer in jiiari 
(Indian Museum Notes, Vol. L, p. 28). An undetermined TachiniJ fly 
(No. 119) has also been reared from the caterpillars. 

On splitting open a cane shoot attacked by iiiothborer, one commonly 
finds the discoloured centre evidently decaying and emitting an offensive 
odour. When the borer cuts through the base of the rolled-up centre leaves, 
these die and decay. Two-winged flies (Diptera) then lay their eggs, and 
the shoot becomes infested with small white maggots. These are not para- 
sites nor are they destructive to the cane. They are purely saprophytic, 
living on the decaying vegetable matter as so many flies do. Such maggots 
are very commonly found in [decaying tissues. When full grown, these 
maggots turn to little brown pupjc in the cane, and one may find these with 
younger maggots. Such maggots are of no importance and may be neglected. 

HABITS THROUGHOUT THE YEAR, 

The mothborer is equally at home in cane, maize and sorghum, and so has 
a succession of crops throughout the year on which to feed. If either of these 
crops was grown throughout the year, the mothborer would be able to live 
and feed actively so long as warm weather continued. Where some of these 
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crops are grown irregularly, the borer has to find a succession of food plants, 
and should the winter be sufficiently cold, it has to cease feeding and hiber- 
nate. There are then two periods when its activities' may have to cease, 
owing to climate or lack of food. 

In South Gujarat, the habits of the borer have been found to be as 
follows : During the growth of the kUrif crops, it feeds in sorghum or maize 
indiscriminately, chieflyin sorghum where that is the staple crop. .From July or 
August to October, there was a succession of insects in these two crops. In 
November, the larvae in the sorghum hibernate ; they are then in the dry stalks, 
stacked for fodder, or in the stubble, and may be found in great numbers 
from November to May. During December to March, where young canes 
are coming up, a proportion of the larvm pupate and emerge as moths and 
lay eggs in the canes. From January onwards the young cane is infested 
with borers, though a great number of hibernating larvae are still to be found 
in the sorghum. Apparently all these hibernating larvrn in sorghum eniei’geas 
moths by June and attack the cane if there is cane in the district. They live in 
these canes till the sorghum or maize is up and large enough to give them food. 
In short, the caterpillars hibernate from November onwards in sorghum, attack 
cane and gradually all hatch till May, feed on cane till July or August, and 
remain in the sorghum and maize till hibernation. This is the sequence ob- 
served i.u the feurat District, but it must be remembered that-this sequence is 
by no means invariable. Some moths hatch out at different times and lay 
foi' instance, on ripe canes (left for seed) in January to February, 
as well as in the young canes. The number that hatch early in March is 
only, a proportion of the whole number. Apparently there is great variation 
in this respect ; it would not seem likely that all have definite habits, and 
probably a moth, hatching in March and finding no green plants on which to 
can remain hidden in the ground or elsewhere till the rains bring a 
fresh supply of food. The obvious fact is that any irrigated crop, cane'^or 
sorghum, will be attacked during the months of January to June. 

At Manjri near Poona, the sequence is much the same, varied only by the 
difference in the crops there. Irrigated sorghum may be grown from March 
onwards and the insect finds sorghum as well as old or young canes from March 
to uly. At plates in the Eonkan where cane was growing during December, 
bebruary and March, the borer was found attacking it. 

With regal d to the food plants inothborer prefers young sorghum 
toyoung cane ; young sorghum plants growing with young canes will be 
infested when the eanes are not. Mature canes are least attacked ; ripening 
sorghum IS attacked in preference to ripening cane; ripening maize is 
\attacked in preference to young sorghum. The conclusions arrived at are 
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(1) Mothborer attacks young canes but will not remain in cane after it coni- 
inences to form joints, if sorghum or corn is available (up to five months from 
planting) ; (2) it readily attacks young sorghum, in preference to young cane, 
and its chief food plant is sorghum ; (3) it attacks maize when in flower 
or when the cob is forming in preference to sorghum ; (4) it can remain 
dormant as a caterpillar from the time the sorghum ripens till the rains fall in 
June or July ; when irrigated cane or sorghum is available it may attack it at 
any time from December to June ; (5) when no irrigated crop is available, 
hibernating larvm hatch at any time from March to June, and probably 
moths can live in a dormant state till fresh crops are up ; (6) the sequence 
observed will vary largely with the climate, and the crops which are avail- 
able during the dry season. 

Broods . — There are no regular broods of this pest in the sense of large 
numbers of insects of the same age occurring together ; the eggs of any 
large number of females are not laid simultaneously, so as to give rise to a 
definite brood. At any time, insects of all stages may be found in the 
same field. This is due to the conditions under which the moths emerge 
and lay eggs, emergence being gradual during the first five months of 
the year. 

The number of generations in one year will vary with local conditions* 
W ere there no resting period, there would be from eight to ten generations 
in one year from each female laying eggs at the commencement of the 
year ; as it is there would be four generations from June to October, and 
then from one to five during the ensuing dry cold and hot weather, depend- 
ing on the time at which the moth hatched and the presence of irrigated 
crops such as cane on which the caterpillars could feed. 

DISTRIBUTION, 

The accounts in Indian Museum Notes, Vol. V., p. 169, give a complete 
bibliography of this mothborer, and also the synonyms and references to 
the descriptions. The geographical distribution as there stated is Japan, 
Formosa, Chnsan, Punjab, Karachi, Poona, Mhow, Khandalla. The 
references in Indian Museum Notes and specimens since received or collected 
show that the insect is widely spread over the plains. Bombay Presidency, 
Sind, the Punjab, United Provinces, Bengal, (Central Provinces are all 
represented. South India is apparently an uncertain locality and the borers 
of sorghum in that tract may be CMlo simplex or some other species. The 
bibliography of the West Indian Mothborer, JDiatrcm saccliarahs^ is compiled 
up to 1900 ill the West Indian Bulletin, Vol. L, p. 351, and this is a fairly 


complete bibliojiraphy of all su^rarcane borers. 
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The recent discovery that CUlo simplew is not the common borer of one 
district in Bengal but is there replaced hj Ghilo aurkilta must be taten into 
account. It is impossible to be certain that Ghilo ciuTicilici was not frequently 
identified as O/jifo or as Diatrona saccJiamlis ; the most competent 

entomologist, who was not a specilist in moths, would be deceived by the 
likenes.s and would have no reason to suspect a closely allied species. The 
writer on seeing the specimens of GUlo auricilia assigned them to Chile 
until the distinction was pointed out by Mr. G. C. Dudgeon, who 
kindly examined the specimens. We may without injustice be very cautious 
in thinking that the mothborers recorded above are all CMlo simplex and till 
this point is worked out, it will he wisest to leave it in doubt. 

KEMEDIES. 

Many remedies have been proposed for this pest, some suggested by 
chance observations, some chosen because they were used against similar 
mothborers elsewhere and it was hoped would apply equally against Ckilo 
simplex. It would serve no useful purpose to notice all these ; the principal 
measures that have been suggested are the following 

(.1) Selecting and planting only cane free from borer, or steeping the top.^ 
containing borer. It is inadvisable to plant canes containing borer, simply 
because such a cane is not so vigorous or so full of food for the growing- 
shoot as a sound cane. To what extent it will affect the spread of the 
pest can only be a matter of conjecture ; a borer in a cane plant would find 
extreme difficulty in coming to the surface after it had changed to the moth, 
as cane is planted in irrigated land and the compact wet soil would not allow 
the borer to emerge. Even if the borer could emerge, the number thus 
coming out and laying eggs is probably very much smaller than those that 
come in from elsewhere. Nothing short of direct experiment can show the 
exact degree of importance of this method. It is advisable to select plant 
canes free from borer, but this will not, in my opinion, influence the increase 
of borer in any degree. Steeping canes in some mixture to destroy the 
borer is the alternative when the canes are so badly attacked that infested 
canes must be planted. What mixture should be used for this purpose is not 
specified nor is it stated for how long the canes should be steeped. In Bar- 
badoes I have seen plant canes steeped for 48 hours in lime-water and in 
this case numbers of dead caterpillars were found in the water. This also 
takes place in the case of Ghilo simplex. I have seen no case where I would 
1 ecommend this to be done. Borer is not so bad in old canes that good cane 
cannot be got for planting. If it should be so bad, no harm would be done 

by steeping for 12 to 48 hours in lime-water (one lb. lime to 20 gallons of 
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water), though the same result would probably follow from steeping in 
water alone. This does not appear to have any bearing on the question of 
checking mothborer. 

(2) Burning cane stubble^ trashy leaves, after the crop is cut, Asa rule 
this is a precaution that would in no way aifect the insect. It is important 
in the Southern United States, where the borer hibernates in the cane 
stubble ; if in India cane was grown for 10 months in the year and during 
the intervening two months the cane stubble was the only food and habitat 
for the borer, this precaution would be of immense importance. As it is, the 
cane when mature is not the habitat of borer ; the insect is in sorghum or maize 
or in the young cane sown before the other cane is ripe. In Western India 
at least, and in many other parts of India, the amount of borer in the old 
canes or cane stubble is practically nil. In the Poona District some fields 
are burnt over after the crop is reaped. This is not connected with the borer 
but the cultivator does it for other reasons. When this is done, the borer is 
in the young canes, or in irrigated sorghum. 

(3) Collecting eggs. This remedy was suggested by Dr. L. Zehntner for 
the Java inothborers in 1896, and successfully practised in TenerifEe against 
Diatrcjea saceharalis previous to 1899. (International Sugar Journal, Vol. 1,, 
p. 656.) It was recommended in the West Indies by the writer in 1900 
(West Indian Bulletin, Vol. L, p. 327) and has there been found a satisfactory 
remedy. For India it has been suggested in the hope that the eggs, when 
found, would be the same as those of DiatraM saceharalis mid would there- 
fore admit of being collected. Unfortunately^ the eggs are too inconspicuous 
for collecting except by people trained to the work ; nor are the conditions 
suitable. In the W^est Indies, from March to June, all the old canes are cut, 
all the inothborers come out and lay eggs in the young canes, and there- 
fore all the eggs must be on the young plants. There are no alternative 
food-plants, no hibernating larv^, no other course open to the moth 
than to fly to the young canes and lay eggs. It will be seen that under 
such conditions it is not hard to be sure of getting the eggs. In 
India, this is not the case ; the eggs are very inconspicuous ; even to 
the writer, trained and expert at collecting the eggs of the W^est Indian 
mothborer by three years’ wmrk there, it has been no easy matter to find the 
eggs nor is it easy to collect them in any number when they are there. It 
is extremely easy to pass over the eggs ; they are so inconspicuous, 
they look so like spots on the leaf, drops of excreta, or a splash of mud. 
After having collected eggs over many acres of young canes in India, 
I am convinced that it is not a remedy the cultivator could adopt, even could 
he be shown what to look for. The conditions are not favourable ; the moths 
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laying eggs in joiiiig canes for afc least four iiioiitlis, there is no time when 
one can he sure that all the moths must be laying eggs in the young canes, 
which is the secret of the West Indian method. 

This season's experience has shown that it is also inadvisable to attempt 
to collect eggs, for the simple reason that the black eggs are collected, 
bcdng (‘asily >een, wliilst the yellow or white eggs are passed by. Black 
eggs contain jairasites, and tlaxse will hatch and destroy other eggs ; they 
are tlierefore extremely valuable and the parasites constitute the chief 
check on the borer. The eggs which should be collected are the white, 
yellow or orange ones, and these are apt to be passed over. Under the cir- 
eumstuiices, the eggs are best left in the plant and not touched ; 1 have 
seen no case where 1 could recommend egg collecting and I do not believe 
the conditions are generally suitable for this remedy, 

(4) Li(jhU, It is known that many insects, moths especially, are attracted 
by lights and by sugar in a liquid state. Both have been used for destroying 

on a large scale and so preventing egg laying. It was natural 
this method, used against the W est Indian mothborer in former years, 
should be recommended for the Indian insect, but the Indian mothborer is 
not attracted to lights. That fact puts this remedy out of consideration at 
once, and it is useless to attempt to destroy the moths before egg laying by 
means of lamps. Even when the fields are beaten through to drive the 
moths or to make them to fly, there is no result ; the moth, unlike some 
of its allies, shuns light. 

(5) Gritting out diseased shoots of cane {dead hearts). The simplest method 
of destroying the insect naturally is to catch and kill it. This is possible 

ly at one time, when it attacks young shoots and kills them, the withered 
shoots showing clearly where the insect is. This method dates back many 
years ; “In 1879, the Eoyal Agricultural Society advocated burning* the trash, 
crushing the rotten canes, soaking plant canes in water heated to 125° E., 
encouraging birds and other enemies of the mothborer, and also cutting out 
the diseased canes. About the same time Miss Ormerd took up the question 
of cane pests and recommended that the diseased shoots should be cut out and 
destroyed.’’ “ The practice of cutting out diseased canes is of the greatest 
ue in directly combating the mothborer and is carried out in Barbados 
present time. Writers from different parts of the world have found 
this a suitable remedy, and so far us can be judged from the available litera- 
ture, it has been adopted in Queensland, Teneriffe, the West Indies and 
other localities, with marked success ” (West Indian Bulletin, Vol. L, p. 339). 
What has been done elsewhere is possible in India with Chilo simple^', 
we have here the method on which reliance must chiefly be placed. The 
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method lias been suggested by several writers in India; ‘‘ Later on all 
diseased canes should be cut out close to the bottom of each near the ground, 
such canes being destroyed and not allowed to remain on the field. If left 
when cut, the caterpillars will crawl out and attack a neighbouring growing 
cane. If the canes are not cut low down, the larva? may be in the piece of 
cane remaining uncut and so escape.” (L. deNiceville, Indian Museum 
iSTotes, Vol. V., p. 173.) 

The pest usually makes its appearance when the cane has fairly 
germinated and the first indication, in the young shoots, is the withering of 
the uppermost central leaves. If, when the first sign of withering is seen, 
the aflfected cane or shoot is cut down close to the ground and slit up, one 
or more borers will be found in a tunnel made in the solid cane. Cut close to 
the ground and burn all affected shoots as soon as withering of the central 
leaves is noticed. The caterpillars are almost certain to be inside the cane at 
this time.” (J. Mollison, Text-book on Indian Agriculture, Vol. III., p. 121.) 

This remedy is discussed more fully in the next section. Of the many 
remedies in use against other mothborers, this is the one most suitable for 
the Indian insect. 

{Q) Trap Crop, The remedies in use, or recommended, against 
TJiatrwa saceliaralis up to 1900 are discussed in the West Indian Bulletin. 
We may extract a paragraph describing another remedy found by obser- 
vation to be useful both in Barbados and in India. ‘‘There is another 
remedy that is deserving of careful attention. It has been already stated 
that Indian corn (Zea 77iais) is one of the plants attacked by mothborer. 
It has been used as a trap crop by cane cultivators in the Canary 
Islands. I can find but one reference to it, which I will quote: ‘Here, 
(Teneriffe) the borer is also said to prefer maize to cane and when cane 
was grown by small farmers, they were in the habit of sowfing a few’^ 
grains of maize in spots of cane that were known to be frequented year 
after year, and when these got full of borer, cutting them out. There is 
no doubt that it is frequently fond of maize and 1 have taken as many as 37 
in one stalk.’ (D.McPhail.) This refers to another borer, probably Sesamia^ 
but the same habit is found in JDiatrcea saceliaralis^ Indian corn is attacked 
by the mothborer, and from a case that came under my notice 1 consider it 
prefers maize to sugarcane. Maize w’as growing between the young canes, 
and whilst the canes were free from attack^ the maize was eaten up with 
mothborer, and other caterpillars. Mr. MePhaiTs suggestion is a sound 
one, and it would seem to be a simple matter to sow corn between or near 
the young canes, and destroy the borers, before they are able to complete 
their life history. It would be necessary to cut out the maize within six 
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weeks of - the first, attaclw. and if the plants were onlj slightly affected, they 
might be fed to stock, chaffed up or put in the soil. If they were badly 
attacked, as would probably be the case, the whole might be burnt with 
some dry trash, or buried deep in the compost heap.” (West Indian Bulletin 


What is said here by Mr. McPhail with regard to Teneriffe and by the 
writer with regard to the West Indies applies equally to India. Young 
sorghum in any stage is attacked in preference to young canes by the Indian 
niothborer ; it is not uncommon to find stray plants of sorghum in irrigated 
fields of young cane and to find borer eggs on them and not on the canes. 
It would be of great advantage to localise all the borers in the sorghum or 
maijie plants and then destroy them before they can breed and lay eggs in 
the young canes. 

Out of all the methods suggested, we have two suitable for use in India, 
adapted both to the habits of the insect and to the conditions under which it 
lives. Both are direct methods aimed at killing the insect, the one by catch- 
ing it in the cane, the other by trapping it in corn or sorghum and then 
killing it. The application of these two methods will vary slightly in different 
places according to the different crops grown and the alternation of the 
seasons. In South India the method of applying these remedies may be 
radically different from that of the plains of Central or Northern India. 

I here discuss the methods of applying the remedies in Soutli Gujarat, 
applicable to the Konkan and parts of the Deccan, and probably to all 
places in Northern or Central India where sorghum is grown with cane or 
where cane is grown. 

South Gujarat. The sequence of crops is as follows Cane is planted 
from December (Bulsar) to April or May (Surat or Baroda) in irrigated fields. 
Sorghum is grown in the rains, reaped from November (Surat) to January 
(Jalalpore) and the stubble remains in the fields until May. The harvested 
stalks are stacked and used as fodder up to the rains. Maize is grown to a 
varying extent during the rains. The mothborer therefore has three crops 
in which to live : 

Young cane from January to August. 

Jointed do. from May to January. 

Sorghum from August to December, 

Sorghum stalks and stubble from December to June. 

Maize stalks and stubble from August to November. 

I be mothborer is actually found in the young canes from January till 
he sorghum crop is up, in the sorghum crop from August to December, and in 
he sorghum stubble and stalks from December to June. It is therefore easy to 
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destroy tlie motliborer in young canes during the first five moiitlis of its 
growth, at times varying from January to July or August and to trap it 
in maize or sorghum grown with the canes at the same time. The method 
therefore comes to : — 

( 1 ) Cutting out all young canes attacked. 

( 2 ) Sowing maize or sorghum among the young canes so as to have a 
' succession o£ plants during the first five months. 

Looking at the distribution of the mothborers throughout the year, one 
thing is notable. From December to July, all the mothborers must be in 
one of the two places, either the young canes, or the sorghum stalks and 
stubble ; from July to December it is in sorghum, maize or old canes. This 
is important since we can destroy the insect in the young canes, but cannot 
touch it in the growing sorghum, maize or jointed cane crops. If it were 
^ possible to destroy the sorghum stubble, utilise the sorghum stalks, and so pre- 

vent the insect hibernating there, we should destroy all the mothborer except 
* that in the young canes, and these could be destroyed by cutting out the 

attacked shoots. Under these circumstances there is an additional method, 
of great importance if it can be carried out, namely, destroying the insects 
hibernating in the sorghum stubble or stalks. By far the greater number of 
these are in the stubble ; they hatch from February to July, and infest the 
young canes. Any measure that will destroy this stubble, will largely 
check the increase of this pest. 

In cutting out dead hearts, there are a few points to be impressed upon 
^ cultivators; from the time the cane comes up, it must be watched and every 

shoot seen to wither in the centre cut out, very low down. These shoots 
are either removed at once and burnt with the insect inside, or are split up, 
the insect killed, and the shoots thrown on a compost heap or otherwise 
used. Many cultivators know the mothborer caterpillar, but say it comes 
from the water. They have no idea that by systematically killing it they 
will prevent it increasing. The whole life-history in young canes occupies 
from five to six weeks; so that there may be three or four broods in one 
crop of young cane, before the cane is coinmeneing to form joints and no 
^ more dead hearts ” are found. The killing of every insect early in the 

/ season is therefore impoidaet, as their increase may be much larger than 

the number that wander in from neighbouring fields of sorghum stubble. As 
a matter of observation, quantities of eggs are very often laid in the three- 
months-old canes which is mainly due to the increase in that field of the 
first mothborers that come in from the sorghum stubble. No dead hearts ” 
will be seen after the first five months, as the cane is then forming ‘^joints” 
and the borer does not eat the growing point but attacks the joints. The 
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eoltivator also thinks that the borer does little harm, as new shoots are 
formed; this is true to a large extent when the eaiies are small, but the 
vigour of the plant is very much tried by forming a succession of shoots 
wJn’eh are in turn eaten off. I have seen fields with 95 per cent, of quite 
young slioots destroyed, and other fields of cane, four months old, with quite 
40 p<ir cent, of large vigorous shoots killed ; in both of these cases the crop 
receives a very bad set back, which results in a poor whole crop, or in a very 
uneven patchy crop with some canes ripening and others half grown. Quite 
apart from the fact of the later crops, the damage in the young stage to cane 
is very serious and the cultivator should be made to realise it. 

17ith regard to trap crops, maize or sorghum should be sown in 
the field when the cane is planted. It comes up quickly and attracts the 
moth to lay eggs. The first mothborer eggs found in India were found 
in sorghum growing in a field of young canes. Six weeks after the 
cane i>s up, the first sorghum or maize is removed with all the insects 
and destroyed ; this is already a practice in some places, where the culti- 
vator goes over his fields when the canes are a certain height and 
takes out all such chance plants. There should be a succession of such plants, 
sown every month, so that when the first is removed, there are others to 
attract the mothborer ; the cultivator is likely to find this out for himself, if 
he can be induced to sow the first trap crop ; the result of the trapping and 
destroying the first batch of borer in the young canes will be very great, 
and will not only give the cane a good start but will be a very great check 
on the increase of borer. 

An experiment was made in 1904 on the experimental farm, Manjri, 
Poona ; maize was sown among the canes, at the time they were planted, 
grew vigorously and was ripening at the time the canes were attacked. 
This farm is under the control of Mr. J. B. Knight, Special Assistant, 
Department of Land Records and Agriculture, who had maize sown at 
various times so as to be at different heights when the cane came up. The 
experiment failed almost completely ; a few borers attacked the ripening 
corn but the cane still suffered heavily. 

During 1905, maize and sorghum was sown with cane in the first week of 
March on the Pusa Experimental Farm. The maize came on very rapidly 
and contained borers, none being found in the caiie except those of another 
species {Seirpophoga aurifluay Zell.) The sorghumg rew more slowly and after 
the removal of the maize was found to be infested with borers. This was 
removed with the insects in. In this case the mothborer evidently preferred 
the maize and sorghum and the results obtained are at variance with those 
obtained at Manjri in the previous season, The experiment will 
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, coiitiiiued and the remedy must be regarded . as an experimental one iiiitii 
further trials are made in different localities. 

With regard to the destruction of sorghum stubble, it is not easy to 
make any definite recommendations. This is the home of the hibermitiog 
larvrn which hatch at any time from February to June and infect tlie 
crops. If that stubble could be destroyed as soon as the crop is reaped, 
enormous numbers of mothborer would be destroyed. The sorghum stalks are 
less important as fewer larvae are in them ; but they are also a source of infec- 
tion. The practice of stacking these with a covering of earth is useful, as it 
prevents the moths emerging at any time to lay eggs. The destruction of 
sorghum stubble is so large a matter that probably nothing can be done but 
teach the cultivator and try to persuade him to do it of his own accord. 
Should the mothborer ever prove a A^ery serious pest to sorghum as it Avas 
in 1903 in Sind, it may be necessary to take action to compel the destruc- 
tion or removal of this stubble. It is a matter of the greatest importance, 
which is best left for the present in a tentative condition. 

I haA^'e discussed the methods of application in South 
Gujarat as this affords an example of the course applicable probably in most 
parts of the plains, Avith A^ariations to suit local practices. At Poona, irrigated 
sorghum is grown as well as irrigated cane, and as the mothborer cannot be 
attacked in sorghum without destroying each attacked plant, the methods 
above described will not be so useful as they would be elsewhere. Still they 
are the only methods and should be adopted. In Bassein (Bombay), the 
borer lives in the canes all the year, and its destruction in the young canes 
is therefore of the greatest importance, whilst the question of destroying 
sorghum stubble does not arise. For other places special circumstances 
must be taken iuto account and the remedies will be successful in proportion 
as they fit in with the distribution of the insect in different crops throughout 
the year. 

This and other cane borers will be discussed in a later number of the 
journal, with special reference to the conditions obtaining in Behnr. 
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EXPJDANATION OF PLATES X & XI. 

-Fig. 1. Egg duster on cane leaf, natural size. 

Fig. 2. Part of egg duster magnified t^velve times. 
Figs. 3 & 4. Caterpillar, normal dark spotted form x 3 

kige. 5 & 6. Caterpillar, hibernating form x 3. 

Fig. J. Pupa X 3. 

Fig. 2. Moth, \ving.s in repose x 3. 

Fig. o. Head of moth from side x 3. 

Cig. 4. Female moth x 3. 

Fig. .5. Cofesla flavipes, Cam.,^a parasiti' of the cater- 
pillar, much magnified, 
f’ig. 6. Male moth X 3. 



EDUCATION IN INDIAN RURAL SCHOOLS, 


A PLEA POE NATURE STUDY. 

By F. G. SLY, i.c..s., 

Offg. Inspector-General oj Agriculture in India. 

I REGRET that I have no knowledge of the science of education, which i.^^ 
now a specialized subject, but the great interest that I have taken for years 
past in Indian rural schools must be my excuse for writing this article. In 
discussing the principles of education in rural schools, I do not wish to go 
beyond the statement made in paragraph 21 of the famous Education Resolu- 
tion of the 11th March 1904, where the Government of India lay down that 
‘the aim of the rural schools should be not to impart definite agricultural teach- 
ing, but to give to the children a preliminary training which will make them 
intelligent cultivators, will train them to be observers, thinkers and experi- 
menters in however humble a manner, and will protect them in their business 
relations with the landlords to whom they pay rent and the grain dealers to 
whom they dispose of their produce.’ This policy received the full support 
of the Board of Agriculture, who considered that the future of Indian agri- 
culture is bound up in it. I have nothing to propose that goes beyond that 
policy, but wish to offer a few suggestions upon the best means of giving 
effect to it. This policy is based upon what are now almost universally 
accepted as the proper principles of education, which no longer aims at 
the acquisition of facts, but the development of the intelligence, by trainino- 
the child’s power of intelligent observation of his familiar surrounding,^ 
The child is taught to knoic, by training him to observe, to tUnh and to do. 
The central aim of village rural education should be a preparation for com- 
plete living in the village. Whilst we may not go to the length of accepting 
the extreme maxim of Rousseau ‘Let the teacher tell the child nothing, but 
lead the child to discover everything,’ we may fully accept Herbert Spencer’s 
saying ‘ Children should be told as little as possible and induced to discover 
as much as possible.’ The principles of this policy thus demand that we 
should substitute experiment and observation for rote work, deal with 
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concref-e objects before abstract, proceed from tbe known to the nnknown, and 
above everything base instruction upon the familiar surroundings of the 
child. The familiar surroundings of ■ the rural schoolboy are essentially agri- 
cultural, so that his education should very largely be based upon agriculture. 

Now I have no vain aspiration that the rural school should aim at 
producing expert agriculturists versed in the agricultural sciences ; its 
object should he to produce cultivators with their intelligence better 
trained than that of their forefathers, whose great hereditary knowledge 
of agriculture is based upon centuries of experience rather than upon intelli- 
oent re.asons. Any attempt to teach scientific agriculture, or indeed to teach 
agriculture at all as a separate subject, is bound to end in failure. The 
scheme put forward for Bengal in that Government’s Resolution of the 7th 
February 190.5, excellent in many respects, seems to me to err in making- 
agriculture a separate subject of study in classes II and III. It cannot be too 
often insisted that this system of education in its relation to rural schools is a 
method of study and not a subject of study. ‘ It is a means of developing 
mental power in the pupil under the careful guidance of the teacher, by 
encouraging close observation of the things of nature which lie about him, 

and by begetting an attitude of enquiry into their meaning so that the truth 
is discovered through the exercise of the pupil’s own activities.’ This 
principle should be adopted in the teaching of a/Z subjects in rural schools. 
My experience is that in India it has generally been confined to the Reading- 
Lessons instead of being extended to all the subjects taught. The correlation 
of the principle to the three R’s, the subjects of primary importance in rural 
schools, must be carefully secured. Reading should be taught from lessons in 
the readers dealing with the child’s s,mxoxxxiAmgs from the child’ s standpoint ; 
writing and composition should be taught On the same system ; and all arith- 
metic sums should be drawn from the same source. Its supreme suitability 
to the inculcation of moral principles is ob-vious. 

Whilst fully accepting for India this principle of education, common to 
the whole world, it is essential that the system based upon it should he 
thoroughly Indian and suited to the local conditions. I may be permitted to 
remark that, in my opinion, some of the past failure of the Indian Educa- 
tional Department has been due to a neglect of this truth. In importing 
western principles of education, we have sometimes also imported western 
systems, which are wholly unsuited to Indian conditions. A prominent 
instance that occurs to me is the introduction of Kindergarten teaching into 
the Central Provinces Schools. Instead of taking the principles of Froebel 
and Herbart and working out an indigenous system on these principles, the 
English system with the same ‘ gifts ’ based upon tbe familiar surroundings 
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of English children was introduced without any change to the Indian child 
with the result that the principle itself was thus set at defiance, the outcome 
being a complete failure. The most striking example of success in the oppo- 
site direction that has been brought to notice is the system followed in 
the low caste Panchama Free Schools of Madras by Mrs. Oourtright, who 
lias evolved a thoroughly Indian system out of correct general principles, 
which is described by her in a pamphlet entitled ^ How we teach the Pariah.’ 
The system of education follow^ed by her is based wholly upon object 
lessons— not illustrations — the commonest objects seen and used by the child 
in his everyday life. 

In order to introduce these right principles of education into rural 
schools, the first requirement is proper lesson books, not only for reading but 
for all subjects in which lesson books are used. It is universally recognized 
that the preparation of elementary lesson books is one of the most difficult 
of tasks, which can only be successfully accomplished by a real master of his 
subject, who has also had considerable experience of teaching. Several 
provinces have already revised, or are in process of revising, the Reading 
Books. I have been privileged to see some of the revisions, and considering 
the difficulty of the task, I may without undue criticism describe some of 
them as defective. The main defect is, in my opinion, that the authors’ 
have produced primers of elementary science instead of lessons on Nature 
Study. In short, they have treated it as a of study instead of a 

method. They have endeavoured to impart the elements of agricultural or 
other science by a systematic and logical lesson on the subject instead of 
using the natural objects and adapting them to the questioning experiences 
of the young child. The difference of attitude has been well expressed by 
Professor Bailey : — When the teacher thinks chiefly of his subject, he 
teaches a science ; when he thinks chiefly of his pupil, he is teaching Nature 
Study.’ The lesson book with which I am best acquainted, Fuller’s Primer 
of Agriculture, fails in this respect. 

Another common defect is that the lessons are not from the elnkV.^ 

standpoint^ but with the intention of imparting abstract knowledge. Some of 
the lessons also clearly fail through an insufficient knowledge of the agricultural 
surroundings of the child. I have seen recommendations for the introduction of 
western methods of agriculture, which are positively harmful. The educationist 
in India is fully occupied withinspections and other departmental work, so that 
he cannot be expected to have a minute acquaintance with Indian systems of 
agriculture. The officers who should know most about the latter subject are 
the Director of Agriculture and his staff. For this reason, I plead for closer 
co-operation between the Educational and Agricultural Departments, In most 
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cases it is impossible to secure a single officer wlio has thorough experience 
of ehilil education and of Indian agriculture. The best arrangement 
would, therefore, seem to be that officers of both departments should collabo- 
rate in the production of suitable lesson books. At any rate, I suggest that 
a revised lesson book should in no case be introduced until the provincial 
Director of Agriculture has been consulted upon it. If the Director is not 
able to help with advice as to the method on which the lessons are prepared, 
he can at least secure that the agricultural facts are correctly stated in them. 
If any of the lessons deal with subjects insect life) upon which he is 

not competent to advise, he can refer the matter to the Imperial Department 
of Agriculture with its larger staff of specialists. The final decision must 
of course rest with the Education Department. 

A further important mistake which has sometimes been committed is the 
introduction of one lesson book throughout a province, in disregard of the 
fact that the surroundings of the child in one tract are very different from 
in another tract. I have seen a lesson based on a cotton flower taught 
in a district where cotton is unknown ; I have seen a lesson on the dog deal- 
ing almost wholly with important English breeds which the child could not 
possibly materialize. The enormous differences in the methods of agriculture 
followed in separate tracts must be recognized and separate lesson books pre- 
for each tract. 

I need not, perhaps, refer to the very important point that the lesson 
books must be in the vernacular language ^ understanded by the people/ 
employing only common simple words which the child can appreciate without 
eftoit. I believe that this is now universally accepted by every Education 

.In addition to the lesson books, the illustrations must be all drawn from 
familiar objects, and above all the master must use as lessons the objects 
themselves. Lesson sheets hung on the walls of rural schools often deal with 
ects with which the child is wholly unfamiliar. A good set of lesson 
for each tract wmuld be a considerable help to a proper system of 
But of much greater importance, the master must use real objects 
Older to cultivate in the child the habits of observing and thinking. In this 
matter school gardens are of primary importance. I recognize the difficul- 
ies that in some parts stand in the way of providing each rural school with a 
;arden, but these might be overcome more often than they are. Where this is 
impossible, a very great deal can be accomplished by growing plants in boxes 
and pots. The right use of a school garden or school pots is not always 
enforced. I have seen school gardens in which the whole of the work was 

and which served the sole purpose of growing 



INDIAN RUKAL EDLX^AliOIS^ : SLY 


a lew iiiiiglisb vegetables presentation to an iospeciiog officer. The 
best scbool gardens visited by me serve the useful purposes of beautifying 
the school surroundings and of giving some manual training to the children, 
but even these objects are of secondary importauce. The real purpose of a 
school garden should be to supply materials for object lessons, in which the 
pupils can study the growth of plants. It should be a garden where ^ nature 
is studied m its relations to the child, from the child’s standpoint, by the 
teacher with the children.’ If there is not room for each child to grow his 
own patch, each class should jointly cultivate its own plot, not in order 
to produce the best results but to observe and study plant growth. Under 
the guidance of the teacher, the child should observe the parts of a seed, 
the plant food in it, the process of germination and the conditions necessary 
foi it. In each stage of the growth of the plant, he should pull up a 
specimen and observe the roots, their uses and their growth ; the stems, their 
uses and structure ; the leaves, their uses and structure ; the flowers, their 
parts and uses, and methods of fertilization; the fruits and seeds, their 
formation and uses, methods of dispersal and the like. He should observe 
the soil and its composition, the effect of plant food and manures. The 
garden should be deliberately used to give object-lessons in failures as well 
as in successes in connection with soils, drainage, manures, weeds and the 
like. The child’s plot should be used like a slate to put things on and to 
rub them off for educational purposes. It will teach him habits of close 
observation, of thoughtfulness and of carefulness ; he will learn by dolny. 
The most informing book on the uses of a school garden that I have seen 
is ‘ Nature Teaching ’ by Dr. F. Watts of the Imperial Department of Agri- 
culture for the West Indies. School gardens need by no means be expen- 
sive ; a portion of the school compound can often be utilized, and the 
commonest seeds obtained free in the village are as useful as those purchased 
from a merchant. In any case, the cost of growing some plants in pots and 
boxes is infinitesimal Plants collected from the road-side and cultivator’s 
field can never take the place of the school garden. The child must do the 
things himself ; he must sow his own seed and observe the growth of his own 
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the' same class as th^ -By selecting the best of the, cultivators’ sons 

for training as masters, 1 am inclined to believe that much more rapid 
progress will result. 

Ill considering the difficult question of the training of rural school- 
masters, again I do not wish to go beyond tbe principles laid down in 
the llesokrtioB of tbe 11th March, 1904, which says Steps are being 
taken to supply courses of training specially suited for teachers of rural 
schools. These do not attempt the impossible task of reforming the agri- 
cultural practice of the peasantry by the agency of village schoolmasters 
imbued with a smattering of scientific theory. They serve the more limited 
and practical purpose of supplying the village school with teachers whose 
stock-in-trade is not mere book learning, and whose interests have been 
aroused in the study of rural things so that they may be able to connect 
their teaching with the objects which are familiar to the children in the 
country schools.’ Two systems of training are under trial in India. The 
first consists of a short course lasting about six months in a special 
class attached to an agricultural school or college. I have had considerable 
experience of this system at Nagpur. There the Education Department has 
avowedly aimed at a dual object ; they have endeavoured not only to give a 
training in Nature ^Study; but also to teach the students some elementary 
knowledge of improved methods of agriculture in the hope that they 
would become not only good schoolmasters but also useful members of the 
village community in introducing new ideas about agriculture to tbe children’s 
parents. I can confidently say that in nearly all cases the second object has 
not been realized, more harm than good resulting from attempts at agricul- 
tural improvement by such an agency, whilst the training of the student as a 
schoolmastei’ has much suffered. The instructors have imparted to their 
students a smattering of the agricultural sciences, which is quite insufficient 
to produce any real result, and have neglected their primary duty of impart- 
ing instruction in methods of Nature Study. The chimera of attempting to 
introduce improved agricultural methods by the agency of schoolmasters 
should be wholly abandoned and the training confined to the single purpose 
of producing schoolmasters equipped with a full knowledge of the methods of 
Nature Study. Even with this change, there remains the strong objection 
that a course at an Agricultural College is divorced from all other training in 
pedagogy. The shortness and concentration of the course enable a large 
number of masters to be trained in a short time, but the tendency towards 
cramming is thus encouraged. The principles should permeate the whole 
course of training and not be confined to a short separate course. For these 
reasons, I am personally of opinion that better results will be secured from 
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instruction in a Training College where the method is systematically taught 
throughout the whole course, provided that proper arrangements for teaching 
are made at the college. The success of the institution will largely depend 
upon the instructor, who must possess two qualifications, a knowledge of 
agriculture and a knowledge of methods of teaching. In addition to a know- 
ledge of plants, animals and other natural objects, he must possess ‘ an in- 
timate knowledge of the laws of development of the child, how the mind 
operates, the needs and interests of the child, its activities and its sympathies. 
These qualifications can only be secured by selecting a candidate who is a 
graduate of an agricultural college and who has also passed through a course 
of instruction in methods of teaching at a Training College. It will 
thus be necessary either to select an agricultural graduate and put him 
through a course at a Training College or to select a good student from 
a Training College and send him to an Agricultural College. In the 
selection of such a candidate, the personal element is all important, for the 
instructor must be an enthusiastic believer in the principles that he is to teach. 

The equipment of the Training College must also be suitable, including 
provision for indoor study and outdoor practice. There should be a reading 
room and library equipped with the most useful books on pedagogy and 
nature study ; a class room completely fitted with material for indoor ex- 
periments ; a practice room where the student can try his prentice hand ; 
and above all a plot of land for outdoor work. The plot of land need not be 
large but it is very important that it should be managed on correct principles. 
At one Training Institution, I found that the school farm was worked 
like an agricultural experiment station, comparative tests being made on 
fairly large plots of different kinds of manures. This seems to be a radical 
misconception of the province of a school farm. It is all right to plan an 
object-lesson on the utility of manure, but this is very different from at- 
tempting to solve an agricultural problem of the comparative value of 
several kinds of manure. The main object of the school farm should be 
to train the masters in the method of managing a school garden and of 
growing and utilizing its object-lessons. There should be a model school 
garden, and, in addition, each student (or group of students) should have a 
separate plot to work as a school garden. There may also be other plots 
to show object-lessons on a larger scale. Again I would recommend close 
co-operation between the Education and Agricultural Departments in the 
management of Training Colleges for rural schoolmasters. The Agri- 
cultural Department should help in securing a really efficient instructor, 
should advise as to the curriculum, should inspect the school farm, and should 
a ssi st i n f h pi ay nmi n a ti mis . 
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pupil. And a most important indirect benefit is that the active interest 
of the parents will be enlisted in favour of the school for the cultivator will 
he able to understand and appreciate the training received by his son, 
There is nothing novel in my statement of the general principles. Indeed 
the wording has been taken almost without change from other publications, 
more particularly the ‘Annual Report of the Ontario College of Agriculture, 
1904,^ and ‘ Some principles of teaching as applied to lessons in Agriculture’, 
by Colonel Hicks, Senior Inspector of Schools, Jamaica. If I have suc- 
ceeded in showing how some of these principles may be adapted to Indian 
conditions, my object will be attained. A very great advance has been 
made of recent years in Indian educational methods, and my belief in the 
vital importance of education to the Indian cultivator must be my excuse 
for making a small effort to aid in that advance. 


COMMERCIAL FERTILIZERS. 


By Dr. ADOLF LEHMANIST, m.a., b.s.a., ph.d., 

Agricultural Chemist to the Govemiment of Mysore State. 

In India the persons most deeply interested in commercial fertilizers 
from a consumer’s standpoint are undoubtedly the planters. Nevertheless 
other agriculturists are beginning to use them and with the present develop- 
ments in agricultural investigations in India a much greater demand and 
more general use of commercial fertilizers will undoubtedly take place, 
for, judging by those soil analyses (other than from coffee and tea estates) 
available, as well as from the appearance of the crops, fertilizers are needed 
in India even more than in those countries in which they are most exten- 
sively used at present. 

The principal commercial fertilizers produced in India are the various 
oil cakes, bone meal, dried fish, saltpetre and mineral phosphates, and to a 
limited extent dried blood. Gf these the various oil cakes, dried fish and 
saltpetre are subject to very great differences in composition. Not only do 
the various kinds of oil cakes vary much in composition from each other : but 
the different samples of the same kind of oil cake vary almost as much. This 
has not been suflSciently recognised up to the present. One sample of white 
castor poonac is, for example, considered to be practically of the same value 
as any other. Dr. Leather has. years ago, pointed out the great differences 
which exist in the nitrogen content between the castor cake of Bengal and 
that from the Bombay Presidency, and below are given some of the analy- 
tical results obtained for white castor cake in Mysore State. 


White Castor Cake. 


No. of sample 

14b. 

3 

i ■' 52 ■ 

42 

51 

50 

Per cent, of Nitrogen... 

8*69 

7-38 

■ 7-01 

6*47 

6*40 

j 4-63 


In Collin’s Agricultural Chemistry, page 60, the limits given for Indian 
Castor cake are 3*75 per cent, of nitrogen (the lowest of the Bombay castor 
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cakes j and ^*00 per ceiik (ike highest for Bengal castor cake). It is not 
staled, however, if in this table any distinction has been made between ivhite 
castor and (titfrk castor cake. The difference between these is claimed by 
some dealers io be that the former is decorticated before milling while the 
latter is not. This may be the case, but samples of white castor and black 
castor of practically the same nitrogen content differ considerably in appear- 
ance and some other respects. 

In oil cakes sold locally in Mysore under the name of ippe (probably 
luti/oli.a) the difference is also very considerable. Below are given 
the results of analyses of some samples. 

I2:)pe Foonac. 


No. of sample ... 

! 46 

j 49 50 

51 

Per cent, of Nitrogen 

' i*14 j 

4-01 1-92 

1*80 


Ihis striking difference may however be due to a difference in variety, 
0 . 40 and i^o. 49 were decidedly lighter in colour than the other 
two. ■ 

Quite us marked a difference as this is, hovrever, found in the composi- 
tion of the different samples of safflower cake ( Carthamus thictonus ) grown 
in the neighbourhood of Hnbli where it is know'll as Kardi. 

Safflotoer Cake. 


No. of sample 

Per cent, of Nifcrop^en 


206 

32 

207 

40 

8*03 

6*43 

4*86 

3*22 


1 in a sample ot safflower cake of nnknow'ii origin the nitrogen content 
only a little over 2 per cent. 

The composition of cake (Melia Azadiniohta J is much more uni- 
form,^ varying in the samples analysed here from 5-9‘) % of nitrogen to 
•43 %. In the case of Ippe and White castor the poorer siun°ples contahi only 
half the amount of nitrogen found in the best samples. It is quite 
hie, therefore, to find two samples of the same kind of oil cake, one of 
hich is worth twice as much as the other ; and it requires no further demon- 
stration to prove the fallacy of buying oil cakes without knowing more about 
than simply their name, if we can get more exact information regarding 
r quality ^; for no one is prepared to pay twice as much as he needs to do 
or any article, not even a commercial fertilizer, and as long as one sample of 




white castor or ippe or hardi]^ considered us good as any other saiiipl 
having the same name and sold for the same price, the person who gets the 
poorest kind of sample must pay twice as much for the plant food he gets as 
some one else who happens to get the best sample. 

In countries in which commercial fertilisers are used to a large extent, 
regular fertilizer laws exist and are enforced by the state. These vary in 
different countries, but their object in all coniitries is to give the consumer a 
chance to know what he is buying. In India the demand for commercial ferti- 
lizers may not yet be sufficiently great to justify the passing of laws on this 
point, and even if they were passed now, there is no vvay of enforcing tliem. 
It is highly desirable, however, that dealers should voluntarily guarantee the 
(|uality of their fertilizers. And as soon as dealers recognise that consumers 
value such a guarantee sufficiently to justify the expense of repeated analyses, 
they will be ready to give the guarantee asked for. The United Planters’ 
Association of Southern India is trying to induce all its members to buy, as 
far as possible, all tbeir fertilizers from firms giving them a guaranteed 
analysis of the fertilizers offered for sale. As an indication that dealers in 
commercial fertilizers are prepared to do what they can in this matter, it may 
be stated that three firms have built little laboratories solely for the purpose 
of enabling them to guarantee the fertilizers they sell. But in order to 
induce those who already guarantee their fertilizers to continue doing so 
in future, and to induce others to do the same, it is necessary for the consumer 
to realize fully the advantage a guarantee gives him, and to make use of 
those advantages. 

To see at a glance which is the cheapest, considering quality, of a 
number of fertilizers offered for sale, it is necessary to reduce them all to 
the same standard. The standard generally adopted is the price of 22’41bs. 
of the fertilizing ingredient, or one per cent, of a ton. This is called 
‘‘ unit.” If, for an example, an oil cake contained 64 per cent, of nitrogen, a 
ton would contain 22*41bs. of nitrogen or 6^ units of nitrogen. There- 
fore, if we divide the price of the fertilizer per ton by the figure represent- 
ing the percentage composition of any food ingredient, we obtain the 
price per unit. This can of course only be done with fertilizers which 
contain almost exclusively one constituent of plant food, as for examjde, 
the oil cakes in which the percentage of phosphoric acid is generally di 
regarded. If a fertilizer contains more than one constituent of plant food 
in quantities sufficient to require their consideration, it is necessary to fix an 
arbitrary relation between the value of the chief constituents of plant food. 
This is generally done by 
consti 


commercial fertilizers : lehMaMn. 
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Dried fisK 


Nitrogen 
Phosphoric acid 
Insoluble residue 


Sample No. 8 contained simply skins taken out from a part of sample 
No. 7 and is, therefore, not strictly a sample of dried fish. Attention is 
drawn to the large percentage of sand (insoluble residue) in samples Nos. 21) 
and 47. These indicate either carelessness in drying or actual adulteration. 

As the demand for commercial fertilizers increases, the temptation to 
adulterate will also be greater, and unless something is done to stop this, 
it will soon be difficult to get pure fertilizers. Such adulteration would of 
course have the tendency to widen the differences which already exist in the 
quality of individual samples of fertilizers, and further increase the lottery 
connected with their purchase. The only way to avoid this is to demand a 
guarantee as to their composition, before buying fertilizers, or to buy them 
on the unit system. No doubt there are difficulties in the way of this, but 
they are not insurmountable* 






' rr.'.i ■ "V ■' 




ORANGE CULTIVATION IN COORG. 


By GASTAV HALLER, 

Assistant director, Land B^.cords and A grimlture^ €oorg. 

Of the fruit trees ill Coorg, oranges are; by far the most valiieci. There 
are several varieties, of which the ‘‘ Loose Jacket ” ranks foremost. It is 
so naraeclj because the skin covers very loosely the eatable fruit. Since the 
deterioration of coffee cultivation, more attention is Being paid to orange 
cultivation. The demand far exceeds the produce and for j^ears to come 
there can be no fear of over-production; In Coorg, oranges thrive best where 
the monsoon rainfall is not high, where heavy mist and fog are exceptional, 
and where high winds do not prevail. .A fairly good soil is also necessary. 

The method of cultivation is very simple; Seeds are sown in nurseries, 
where the young plants remain until they are about one or two feet high, 
and then they are transplanted 18 to 20 feet apart, i,e.^ 109 to 133 trees to 
the acre. The only attention subsequently necessary is to protect the plants 
from damage by cattle, and to keep the field clean from weeds or shrubs. 

After six to seven years the first crop is picked, and if a garden is to be 
asuccessthetreesshould.be manured yearly with either cattle manure or 
leaf mould. But very little is done in this respect, and the orchards are 
generally left to take care of themselves. The time of flowering is 
October to December or April to June. The fruits from the October blossom 
are of very little use, as they do not ripen properly,- forming the so-called 
monsoon crop for which there is no demand in the market. The crop from the 
April blossom, which is of great value, is harvested from January to March 
and is known as the hot season crop. One dozen oranges of the latter sell at 
from four to eight annas. Very little care or attention is devoted to 
regulating the flowering of the respective crops. Some cultivators beat down 
the flowers wdth a long bamboo. This is successful, if carefully done, 
and produces the result that the trees are in flower again in April, thus 
yielding the crop in January. It would perhaps be more effective if the 
twigs bearing flowers were cut off ; but such pruning would be very 
troublesome. 





Experience has shown tliai after thirty years the orange tree ordinarily 
begins to decay. But this is to a great extent dne to neglect of the trees. 
The existence oi’ trees qlder than thirty years in fall vigour, and yielding good 
irnit, is evidence tltat if care be bestowed the vital powers of orange trees are 
not necessarily limited to thirty years. But many orange trees get destroyed 
within a much shorter period if attacked (a) by a parasitical creeper 
belonging to the Loranthns himily, or (b) by two kinds of worms which 
bore through the stems. 

As reo'ards the Lorant/nis it is commonly known in Coorg by 

the natives as “ Bandalike ” which is interpreted in the dictionary of the 
Bev. Dr. Kittel as follows: — “A parasitical plant ; the parasitical plant 
Epidemlnnn fesselaf imid^ This' parasite is well known to almost every ryot in 
(Joorg. It attacks almost every species of tree and kills the largest forest 
trees. The leaves and colour resemble very closely those of the trees on 
w^hich they feed. The flowers have a dai’k red colour and eaeli plant 
distributes millions of seed. Each fruit contains one seed, which is 
enveloped in a very strong mucilaginous pulp; the seed is carried to 
another tree by birds, to which it adheres. The propagation is therefore by 
seed, and not by roots. If the plant is not disturbed, it assumes great 
dimensions, spreading roots over the trees on which it grows and destroying 
them in a few years. The means of checking this parasite are very simple ; 
the branches affected must be cut off together with the parasite, as otherwise, 
it feeds on the dying branches and still succeeds in ripening its seed. 
Simple as the method of destroying this kind of evil is, yet but rarely is any 
attention paid to it. ; Of the apnaxed photographs, Plate XII shows two 
branches of an orange tree. One is attacked by the Loranthns creeper 
which is in full seed, and the ' other is without the creeper. Plate XIII 
gives a general idea how. this parasitical plant attacks the orange tree. 

As regards the borer, the.problem is more difSeult. The boring worm 
becomes a beautiful green beetle,; CalUcliToma In the, bores, is also found 
an insect (a .Locustid) which is apparently predaceous upon the borer. This 
insect is , the enemy of the beetle ; and when placed near it sometimes 
attacks it furiously and kills it. - The former is very powerful and if care- 
lessly held can bite so that the blood; flows; Mr. H. M.; Lefroy, Entomologist 
to the Government of, Indja, .on. consultation kindly furnished me wdth the 
following information :■ — “The are'often predaceous and your case 

is a very interesting one that should be on record. ^ Tree borers 
are usually not easy to deal with. We found the bent wire for extracting the 

■■ .-O' . 

grubs, kerosine injected into the bores, and catching the beetles by hand 
in the early morning, the best remedy for tree borers of this kind in the West' 
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Indies. It all depends upon the time of emergence of the heot 
enquiries go to show that these beetles and locustids emerge 
September, i, about the same time as the coffee borer. The ^ 
intricate passages through the trees, and leaves behind it a very 
pulp so that the insertion of wires or injection of kero.sine into 
is impossible. These insects prefer trees which are not sappy a: 
it takes a good many borers to kill an orange tree. The best j 
thus appear to be to manure the gardens heavily so as to keep the 
condition. Old trees, which are beyond recall, should be cut dc 
in order to destroy all eggs, worms or beetles which they may c 


CO-OPERATIVE CREDIT IN THE UNITED 
PROVINCES. 



By J. hope SIMPSON, r.c.s., 

Registrar of Co-operative Credit Societies^ United Provinces. 

In the accumulation of practical experience of co-operative village 
banking, the United Provinces have been peculiarly fortunate. Numerous 
co-operative banks of this type were founded in 1901, as an immediate 
result of Mr. Dupernex’s labours, and the record of their success or 
failure has proved of the greatest advantage at the present time, when 
work has been commenced on broader and more methodical lines. 

The village banks were constituted on the Raiffeisen model slightly 
modified, and were governed by a committee {Pancliayaf?)., which was assisted 
in the duty of supervision by Supervisors {Ginlawars)., and with powers 
strictly limited by rule. The rules provided for the details of working and 
prescribed (inter alia) the terms for and on which loans might be granted, 
the purposes for which they might be taken, the rate of interest which 
they should carry, and the rate which the bank should pay on the money 
borrowed by it. 

Of the banks then constituted, about one-third have survived as working 
bodies, the remainder being either moribund or dead. It is the purpose of 
this article to examine the causes which have led to the failure of so many of 
the institutions, and to describe the steps which have been taken to avoid 
these causes in the societies which have been reconstituted, and in those new 
ones which have sprung up during the course of the last twelve months. 

The majority of the societies had no chance of success from the outset, 
and it is a testimony to the soundness of co-operative principles that so 
many successful societies are now at work. The inception of the co-operative 
movement in these Provinces lay not with the people but with the Govern- 
ment, and the formation of village banks was a direct consequence of Govern- 
ment orders. Neither the officials nor the landlords by whose action the 
banks were opened, nor the members of whom they were composed, had any 
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.intimate knowledge or any practical experience of the principles' of co- 
operative effort. It is a first essential to the success of co-operation that the 
members of a society should act voluntarily, and that each member should, 
have confidence in the rectitude and honesty of those with whom he associates 
and for whose debts he takes upon himself the responsibility. At the outset 
of the movement there was in most cases no question of voluntary member- 
ship. Cultivators became members, not with any intention of contributing 
to a joint fund and enjoying the benefits which such a fund would confer,— 
not with any idea of combination in order to obtain credit at more favourable 
rates than are usually granted to the individual cultivator, — but partly on 
account of pressure brought to bear by the official or the landlord, and partly 
in the hope that, in virtue of the payment of a four-anna entrance fee, each 
member would be entitled to unlimited credit at a favourable rate of interest. 
The capital provided was not sufficient for the needs of all the members, and 
the ma]ority of the societies contained a number of high-caste cultivators 
who obtained favourable consideration at the hands of the Panchayat, and 
being held more reliable than their low-caste fellow-members, were granted 
loans out of proportion to their number. These loans there was every tempta- 
tion not to repay, as common justice demanded that on repayment the money 
should be lent to some other member, who had not in the first instance 
received any benefit. The Panchayat, consisting of members of various 
castes, and the members themselves, in many cases recruited from almost 
every caste in the village to which the operations of the society extended, were 
unable to bring effective pressure to bear, loans were not recovered, interest 
was allowed to run on, and finally the bank died a not unnatural death. Such 
is the life history of many of the societies which were founded in 1901. 

A further cause of failure has lain in the rules and accounts, which were 
framed for the assistance and guidance of the banks. It has to be borne in 
mind that in the majority of cases the banks were founded in villages where 
no professional assistance in account-keeping could be obtained. The person, 
to whom this duty was confided, was as a rule the sub-agent of azamindar, 
or the clerk of a Court of Wards’ Estate. They did not understand the 
method laid down for account-keeping, and in many cases were most unwill- 
ing servants of the Society. Their labours were gi’atuitous, and from the 
existence of the Society they pei’sonally could draw no profit. It was conse- 
quently to their advantage that the Society should cease its operations. 
Where semi-professional assistance of this description was not available, and 
a literate cultivator was appointed to keep the accounts, the result has usually 
been confusion. With the best of good will, the aecountant-agricultiirist 
has not been a success. 




In the rules, again, the village societies have foiiiKl a stiiinbling-block. 
The ordinary village member looks upon them in iiiixch the same light as 
the Penal Code, and lives in constant dread of trouble in case of breach of 
their conditions. The experience gained goes to show that rules should be 
reduced to the minimum consistent with statutory requirements, and that 
much which was originally provided for by rule, should be left either to the 
hye-Iaws or to the discretion of the Panchayat. This view has been accepted 
by the Government of India. 

Besides the difficulties mentioned in connection with the recruitment of 
rs, and the rules and forms of account, there has been in the raising 

of the banks. The work- 
Oommonly it was 
much below the market 
‘entlemen. It was in 
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of capital a further serious impediment to success 
ing capital of the societies was raised in three ways, 
collected by subscription at rates of interest very 
rate, from interested landholders and other native gi 
certain instances advanced by Government, also at low I'ates of interest. In 
some cases a portion was raised from deposits by the members oi the society. 
In almost all eases the amount of capital supplied was insufficient tor the 
requirements of the members. It has also been inelastic. There was no 
method in vogue whereby the capital of a village society could be readily 
expanded or contracted in accordance with the fluctuating requirements of 
the members. If more capital than that at present in the hands of a village 
society is necessary, it can only be obtained at the same rate of interest as 
that paid on the initial capital by the exercise of official pressure, express 
or implied, and this, as may be readily understood, forms a serious obstacle 
to expansion. At the same time the local societies, having enjoyed 
the advantage of capital at a very low rate, are not willing to 
pay the increased rate necessary to attract the money of the ordi- 
nary investor. It would entail payment by the members of a higher rate 
of interest than that which they now pay on loans from the Society, and 
they feel, unreasonably, no doubt, but still naturally, that it is a breach 
of faith on the part of the Panchayat to charge them two pies in the rupee 
for accommodation which has hitherto been provided at one pie and a half. 

It is of course highly desirable that, as far as possible, the village 
societies should work on capital provided in the village from the members’ 
hoards. That this will in time be the main source of capital cannot be 
doubted. Experience in certain districts leads to this inevitable conclusion. In 
most districts, however, there is a distinct aversion to making deposits. The 
societies are looked upon as a freak of Government, and are not generally 
regarded as in any sense permanent, or as suitable place>s in which to 
deposit money. 



The investor of the towns has not been attraetecL It is. not possible 
that under present conditions he should be. The security of the village 
societies is not known to him ; of their very existence he is proliably in ignor-* 
ance. It is, however, eminently necessary that the village societies should 
be brought into touch with the world of finance, if they are to be of general 
utility. Whatever scheme is adopted must contain, as essential features, the 
existence of a head-quarters^ organization which is in a position to deal with 
the larger capitalists and the joint-stock banks upon a business-like method, 
ill which it is realized that eleemosynary contributions at loiv rates of interest 
must in the nature of the case be strictly limited in amoiuit, and that practi- 
cally unlimited capital can be obtained if the business of the societies is sound 
and they are willing to pay a fair rate of interest for the capital required. 
The existing organization societies do not meet the needs of the case. The}’ 
consist of landlords and others, who have subscribed certain amounts in order 
to finance the existing societies. They look upon these subscriptions as of a 
semi-charitable nature, and in many cases consider that their duty in connec- 
tion with co-operative societies has ceased, when they have paid the amount 
expected of them. They are as a rule not men of business, and their interest 
in the societies is purely ephemeral and dependent on the interest taken in 
those institutions by the District Officer. 

Such is a brief account of the initial difficulties under which the village 
banks in the United Provinces have laboured, and under which they probably 
labour elsewhere. They are of three descriptions, inasmuch as they relate 
to the peTsonnel of the society, its rules and accounts, and the raising of its 
capital. It remains to describe the steps that have been taken to remove 
them. ■ ■ ■ 

In the case of the first of these difficnlties the remedial measure is 
obvious. Of the burdens and hardships entailed by the caste system there 
can be no doubt, nor is it disputed that the tendency of that system is as a 
rule hostile to progress and reform. Its existence and its power are, however, 
a very distinct indication of a method of extension of co-operative effort along 
the line of least resistance. If members of castes of widely varying social 
status are enlisted in the ranks of the same society, it is clear that the whole 
force of the caste system is arrayed against successful effort. It is impossible 
to believe that a Brahman will become jointly responsible for the debts of a 
Ohamar, or that the influence of a Dhobi will suffice to induce a Thakur 
to pay up a loan, when the latter has preferred the smiling path 
of recusancy. It is also impossible to expect satisfactory combination 
between two persons, one of whom enters the village meeting house 
in order to attend a general meeting of the society’s members, while the 
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other is bidden to sit in loe sireet ueiow. cuftitrs ui 

varying social standing are enlisted in the same society, it is obvious thiil 
equality, which is the mainspring of all co-operative effort, inevitably dis- 
appears, and that success cannot result. It is true that there are apparently 
successful banks in existence where the members are drawn from many and 
varving castes. Success is in such cases due to the exertions of one or more 
leading men, who have kept things going in practical independence of the 
opinions or wishes of the ordinary members. 

The classes for whom co-operation bolds out the greatest hopes of im- 
provement, both material and educational, are the lower castes. They are at 
present unable to command the same rates of accommodation as the high caste 
agriculturist, not because their honesty is less or they are more recusant, but 
because their individual requirements are smaller in amount. Unless they can 
he included in the operations of the movement, it must so far be held to be a 
failure. They cannot be included in societies in which high-caste members 
are enlisted. They must have societies of their own, restricted to members 
of the lower castes. It seems, therefore, on all grounds desirable that, in the 
absence of strong reasons to the contrary, the unit of recruitment should be 
not the village but the caste within the village. This will of course not 
always be possible or advisable, but where it is possible, it wdll probably also 
be advisable. 

The adoption of a system of caste-societies will result in the multiplica- 
tion of the number of societies required to serve any given area. It will 
also render it impossible to demand from the village society the standard of 
account-keeping which is at present demanded. In the case of low-caste 
societies, it is improbable that account-keeping of any standard can be re- 
quired, These are difficulties which have to be faced, and which will be 
considered later, when the Central system is described. 

The problem of accounts in village societies of the existing type has been 
met by the abolition of standard forms of account, and by empowering the 
Panchayat to keep the accounts in any form whieli in their opinion best suits 
the requirements of the institution. This has commonly resulted in the 
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to: be continued on existing lines and the movement is to be widespread, as 
it must be to prove of any practical value,' the accounts must be of a nature 
which the villager can understand. They are kept, not for the auditor, nor 
for the Collector, nor for the Registrar, but for the people. The society 
is tlieirs, tbej^ are responsible for its liabilities. It is only just that they 
should be permitted to keep the accounts in the manner which they prefer, 
with the one condition that every item of receipt and expenditure shall find 
a place and that each man’s separate account shall be separately maintained. 
The remedy for the audit difficulty lies with the auditor. He will have to 
learn the village system, and the vernacular script. Until he has done so 
he is not lit for his duties. 

For the detailed rules by which the original societies were guided and 
governed, bye-laws have been substituted. In the model bye-laws which 
have been prepared for the guidance of the Panchayat, the greatest latitude 
has intentionally been left to those bodies. The problem to be faced is not 
one of principle, but one of method ; and the method suited to co-operation in 
the Provinces can only be discovered by experiment. Consecjuently, every 
point, which could well be left to the Panchayat for determination, has been 
left to that body. The terms on which a loan is granted, as to interest and 
objects on which such a loan may be expended, the pourer 
to grant extensions, whether on payment of interest or not, all these are 
matters which are left to the judgment of the local managing committee, 

This at once raises the thorny question of unreproducti-^e expenditure. 
In considering this question it is necessary to bear in mind that the circum- 
stances of this country are very different from those of the countries where 
co-operative credit had its birth. The problem is unique. The agriculturist 
of these Provinces has from time immemorial pursued the same rocky finan- 
cial path. He takes advances from the village money-lender for seed, for 
cattle, for food between harvests, for the clothing of himself and his family, 
for the marriage of his son or his daughter, and for the disposal of his dead. 
His ba7iia or village money-lender has as much right in him, according to 
all the canons of village custom, as he himself has in his occupancy holding. 
Any departure from this custom of centuries at once creates a suspicion of 
faithlessness on the part of the borrower, not only in the breast of the money- 
lender whom he deserts, but in the opinion of his co-villagers. Under 
normal circumstances and in the absence of pressure, it is incredible that 
one oi the cUetitele of the village money-lender will go elsewhere than to 
that money-lender for any^ oE his financial requirements ; and it must be 
said that as long as he remains faithful to the money-lender, the money-lender 
hIso remains faithful to him. The hania does not refu.se aitcoinmodation 
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to liis hereditary clients, except under stress of the most abnormal circniii- 
staiices. Though rejoicing in the name o! the village Shylock, the 
local money-lender is in fact indispensable and on the whole reasonable. The 
bond which he takes for advances made is more in the nature of an insurance 
than an instrument to be used to prove a case in Court. It very seldom 
actually represents the amount of the loan, and as long as the borrower 
makes no attempt to remove bis custom elsewhere, no suit on the basis of 
the bond need be anticipated. If any of his debtors are, for reasons other 
than recusancy, unable to pay, they are not pressed, and of the profits of the 
business, probably the greater portion exists only on paper. In obedience to 
village custom, the money-lender is bound to advance money in many cases 
in which he knows that a bad debt is a moral certainty. 

If co-operation is to be of any benefit, the society must for its members 
replace the lania not only with advances for seed grain, bullocks and manure 
but also in their thousand and one other financial requirements. No one will 
willingly join a society where the benefits are confined to these minor matters, 
for by so doing he at once cuts his hereditary connection with his money- 
lender, and cannot, consequently, raise elsewhere than from the society 
the absolutely necessary accommodation for other expenditure. Until co- 
operative societies are prepared to replace the hcuiia not only with loans for 
reproductive, but also for legitimate and necessary, but unreproductive, 
expenditure, they will fail of their ultimate object, which is to extricate the 
agriculturist from the burden of ancestral and perpetual indebtedness. 

It is very generally assumed that this course will result in risky business, 
and that the cheapness of loans will induce even greater extravagance than 
lit present on festivities connected with marriages, funerals and other domes- 
tic and social events. The opposite may be expected to be the case where the 
loans are granted by co-operative societies to their members, In these societies 
each and every member of the institution, including the members of the 
Panchayat, is responsible for all loans granted to members. The Panchayat 
will, therefore, exercise peculiar care in making loans for unreproductive 
purposes. It may be that a cultivator will come to the Panchayat and ask 
for a loan of Es. 200, wherewith to marry his daughter. The Panchayat 
knows his social position and his circumstances, and decides that Es, 50 is 
an appropriate and safe sum to advance for the purpose, and grants that sum. 
The cultivator accepts it, goes to his fellow-castemen, and though in his 
heart rejoicing at the curtailment of his expenditure, he explains that he was 
prepared to spend the larger sum, but that the Panchayat refused to allow 
him the accommodation. He thus saves his pocket and his kzat at the same 
time. Had the society been debarred from advancing loans for purposes of 



inarriage expenditoro, the cultivator would probably have obtained the money 
from the local money-lender at the expense of his connection with co-operative 
credit, and at an exorbitant rate of interest. He would probably also 
have carried the burden of debt for the rest of his life, and handed it as a 
legacy to his successor. On the principle, therefore, that as much as possible 
should be left to the local committee of management, the oi)ject 3 for which 
loans may be granted have been left to its determination. The result will 
be carefully watched, though there is at present no sign that the latitude left 
to that body will be abused. 

The raising of capital to finance co-operative societies has presented no 
difficulties since the passing of Act X of 1904. The Cawnpore Woollen Mills 
Company placed a sum of Rs. 10,000 at the disposal of the Registrar, for the 
purpose of advances to such societies. The rate of interest charged is five 
per cent., and according to the terms for repayment of principal, the amount 
shall be repaid in ten equal annual instalments, beginning with the sixth 
year after the money has been drawn. Besides this, Rs. 5,000 of the 
advance given by Mr. D. M. Hamilton of Calcutta has fallen to the share of 
these Provinces. Apart from these two loans, local capital is rapidly becoming 
available. In the Bulandshahr District, the Organization Society has raised 
a sum of Rs. 7,000 from the local market at six per cent. In the Banda 
district, the local maJiqjans are anxious to invest in the district societies at the 
same rate. It seems very probable that all the permanent capital that may 
prove necessary for co-operative societies in the near future will be locally 
obtainable without resort to loans from Government except in special cases. 
The system of depositing money is also showing signs of growth, and in some 
districts a fair proportion of the working capital is provided in this form by 
the members themselves. So common is this habit of deposit becoming, that 
in a number of the societies recently started, the members have agreed to a 
compulsory half-yearly deposit, as a condition of membership of the society. 
These compulsory deposits, which are in the first instance of the nature of 
fixed deposits for five years, take one of two forms. Either they are 
calculated on the rent paid by the member, the rate varying in different 
societies from two pice to one anna per rupee, or they are made in grain at 
the rate of one or two pansiris for every plough in the member’s use. In the 
latter case, the grain is sold by the Panchayat in the open market and the 
proceeds credited to the account of the members who have made the deposit. 

In both cases, the deposits bear interest at the rate of one anna in the 
rupee per annum. The advantages of such a system of deposit are obvious. 
In the first place, they are a means of increasing the working capital of the 
society, and allow oE gradual expansion of its operations. They are also 
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valuable as an effective means of increasing the interest taken by the members 
in the success of the institution, and of causing them to feel that the society 
is their own, not a venture started and financed -by the Government and 
dependent on the exertions of officials for existence and success. Probably 
the most important of all the results which may be anticipated from the system 
lies in the cultivation of habits of thrift. It may reasonably be hoped that 
at the conclusion of the initial quinquennial period, the habit of deposit will 
have grown so strong, and its advantages have become so apparent, that the 
members will volunteer to continue the custom. 

Provision has been made in the model bye-laws that in years of scarcity 
or crop failure, or in any individual case in which the compulsory deposit 
would mean hardship to the depositor, the Paiichayat shall have the power to 
remit or postpone the deposit. Where general remission is sanctioned by the 
Panchayat, the fact must be reported to the Registrar for his information. 
It is permissible to hope that this provision, while preventing hardship in 
years of scarcity, will at the same time counteract the temptation to remit in 
years when general remission is not called for. 

The two great problems which at present confront the movement are the 
illiteracy of the lower castes, for whom co-operation is specially fitted and 
specially necessary, and the absence, under existing conditions, of any con- 
nection between the co-operative credit societies and the joint-stock banks. 
Efforts have been directed towards the solution of these problems, and a method 
evolved, which seems to overcome the difficulty in each case. The outlines of 
this method were originally sketched by Mr. Winter (at present Chief Sec- 
retary to the Local Government) in a note dated the 21st June 1^02. 

The illiteracy of the lower castes is such, that it prevents any possibility 
of independent societies, owing to the inability of members of such societies 
to keep their accounts. At the same time it is obvious that the lower castes 
are not in a position to command sufficient assistance from literate members 
of castes above them in the social scale. Any scheme by which the lower 
castes can be admitted to the benefits of co-operative credit must then have 
as an essential feature the removal of account-keeping from the sphere of 
the village society. The existing difficulty in bringing village societies- 
into touch mth the joint-stock banks chiefly lies not in the want of tangible 
security, but in the smallness of the amounts with which such societies deal 
Even with the most reliable security, it would not be paying business for a 
joint-stock bank to advance a couple of hundred rupees, repayable in 
instalment spread over a considerable number of years. If, however, the 
pillage societies could be induced to combine for the purpose of taking 
oans of a. considerable amount, there is every reason tu believe lliut. it 
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would be possible for them to obtain snch loans from the joint-stock banks 

at a reasonable rate of interest. 

The lealization of the above two facts led in the first instance to tbe ex- 

periment of Central Banks, to which village societies were affiliated as branches. 
Iheie aie now five or sis such institutions and their branches number some 
55 or 60. The process of formation was bj fission of certain existing- 
village banks, whose members bad been recruited from many castes resident 
in several villages. The new societies were confined to members of the same 
or allied castes, and to residents of one village. In this reconstruction, it was 
bievitable that certain of the members of tbe original society could not, 
owing to their caste or residence, be included in any of tbe newly-formed 
small societies. To such members, their initial entrance fee was returned, 
and their connection with tbe society was severed. The small societies 
having been formed, the members of their Panchayats, or in eases where the 
number of societies was considerable, their Sarpanclies became ex-offieh 
members of a Central Society. The sole duties of this Central Society are 
to raise money on behalf of, and keep the accounts of, all the affiliated 
societies. The method of working is simple. When the Central Society 
is instituted and afterwards once a year at its anniiar general meeting, the 
maximum credit to be allowed to each one of the constituent societies is 
fixed. This amount is recorded. Thereafter the sole duty and responsibility, 
that rests with the Panchayat of the Central Society with reference to loans, 
are to see that the amount so fixed is at no time exceeded by any soeietv. 
With the internal arrangements of the affiliated societies the Panchayat 
of the Central Society has nothing to do. All applications for loans, and 
all amounts in repayment, come up to the Central Society through the 
Panchayats of the affiliated societies, and from the lists of payments, or lists 
of applications for loans as the case may be, the accountant at the office 
of the Central Society writes up his cash-book, and the ledger-accounts 
of the affiliated societies and of the individual members of those societies. 
No accounts are kept at the offices of the village societies. All that is 
required there is a list of the members and a list of outstanding loans. The 
members of the affiliated societies have little difficulty in getting these 
written up by some friendly literate resident of the village in those cases 
where there is no literate member of the Society. There seems also to be no 
difficulty in obtaining the necessary help in the preparation of lists of loans 
required and of payments for submission to the Central Society. In that 
society, however, it has been found necessary to employ paid labour for 
account keeping. The payment in the case of small societies takes the form 
of an annual gratuity, but when the capital of any ( ’entral Society becomes 
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system is in fact only an attempt to induce among societie? 
co-operation of exactly the same nature as at present, in existing societies, 
obtains among individuals. All the advantages which are so marked in the 
case of individual combination for credit are still more marked in the case 
of a combination of societies for the same purpose. 

This system is being adopted in the case of town banks which are 
started in Allahabad and in Gorakhpur. Instead of dealing with 
individual members, these banks are about to deal with groups of members, 


large and the number of affiliated societies numerous, a whole-time accountant 
will of necessity be employed upon a regular salary. 

The joint and several responsibility of the members of affiliated societies 
in such a scheme is two-fold. Primarily it extends to the loans diie by iiiem- 
hers of their own affiliated Society. Secondarily it extends to the whole of 
the obligations of the Central Society. This is of course a necessity, as tiie 
members of the Central Society would naturally refuse to undertake the 
responsibility for the whole of the liabilities of that society as a personal 
responsibility. They are empowered by the bye-laws to pledge the credit 
of the societies wffiich they ex^-qfieio represent. As a matter of fact the 
secondary responsibility of the members of affiliated societies w^oiild only 
become a reality in the case of failure of any society to carry out its primary 
responsibility. This is a very remote contingency, and should it arise, the 
reserve fund would, in any well-managed institution, suffice to meet the 
loss incurred through the failure of an affiliated society to perform its 
obligations. 

The above system has been working in the case of one of the districts 
for the past seven months, and seems to be proving a success. Its advantages 
are many. In the first place the difficulty of account-keeping in the villages 
is successful!}^ overcome by the simple method of removing accounts alto- 
gether from the duties of the village Panchayat. In the place of ten or 
fifteen small and struggling societies, in each of which account-keeping has 
or would prove a difficulty, there is one strong society which is in a 
position to offer remuneration to a competent accountant. This again results 
in the possibility of recruiting caste societies from the lower castes, among 
literate men are extremely rare. Again it results in a number of 
reserve funds, no one of which is of any real value as an asset of securi- 
being replaced by one large reserve, against which it wall in a short time 
be possible to contract temporary loans wffiere such are necessary. Further, 
owing to the increase in the amounts required, it is possible for such Central 
go to the joint-stock banks with sonie probability that loans wall 
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each: of which is a' separate society, and inside which each of the mein- 
bars is Jointly and severally responsible with each of bis fellow-members 
for the loans granted by the town bank. In this case, ho weveiy there is 
no secondary responsibility. The banks are being started on share capital 
with limited liability. 

One of the most valuable advantages which the system of central and 
affiliated societies offers is the ease with which the work is extended. As 
funds become available the number of members of affiliated societies can be 
increased by recruitment, or new societies can be affiliated. The increase 
in the volume of account-keeping in such eases is by no means commensu- 
rate with the increase in the number of individuals to whom the benefits of 
co-operative credit extend. All that is requisite is a few more pages in the 
ledger of the Central Society. In the case of a town bank, when the 
available funds are more than necessary for the requirements of the town in 
which it works, it is possible for it to extend its operations by affiliation of 
small rural societies in the vicinity, or by loan to central or rural societies 
in the’ neighbourhood. In course of time it seems nrobable that the nornud 



district organization will be a co-operative town bank at headquarters, 
with branches in the Tahsil headquarters and larger towns of the district, 
and affiliated village societies in a very large number, if not all, of the 
villages of the district. 

Co-operative effort in the United Provinces is not confined to co- 
operative banking, though in the nature of things this special form is 
at present the most iinportant. At the present moment there is a most 
interesting effort, on the part of the silk weavers of Benares, to escape from 
the clutches of the capitalist merchants who control the trade, and to obtain 
for themselves the profits which go to the middleman. A society has been 
formed of which the membership roll rims into thousands, which has for its 
object the provision of raw material at wholesale prices to the weavers, 
and which will also give advances on loan to respectable men to enable 
them to hold the finished product until satisfactory sales can be effected. 
Details are being worked out. The Society will have share capital, and 
already some. Rs. 50,000 have been promised by the weavers. The danger 
which has to be avoided is premature struggle with the body which at 
present controls the market. If the Society at first confines its efforts to 
the provision of material at the cheapest rates possible, and to provision of 
cheap credit to deserving workmen, much will have been done. Later as 
it gains strength and accumulates funds, it will be in a position to take 
over the distribution of the finished product* Its initial financial position 
will not justify any such attempt at the present time. 
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iry steps are being taken for the formation of a co-operative 
the Sultanpur district. Such a society would be highly 
oiild be run with success. Its initiation has been retarded by 
ise in the price of grain owing to the frost in January and 
and the iinpropitious character of the monsoon, 
other forms of co-operative effort which -will doubtless be 
the near future. The foiun that co-operation may take is 
ondary moment. Once co-o[)eration in any form is a success 
ly he trusted to work out other forms for themselves. The 
• these Provinces has never shown himself slow to adopt any 
which is workable and valuable, and it is not to be expected 
slow to adopt the principles of co-o{)eration, once they are 
Deriinent to be successful in any one direction. That these 
iound is undoubted, and their ultimate general adoption is 




PLATE XIV 



THE SECOND ANNUAL MEETING OF THE 
BOARD OF AGRICULTURE. 

By E. .T. BUTLER, M.B., P.L.S., 

Secretary to the Board, 

■The Second Annual Meeting of the Board of Agneulture took place at 
Pnsa on January the 15th, 1906, and the following days, under the presidency 
of M r. F. G. Sly, i.c s., Officiating Inspector-General of Agriculture in India. 
The Board was attended by the rtiembers of the Imperial Department of 
Agriculture, representatives of all the Provincial Department, s of Agriculture, 
excepting Burma, and of the Agricultural Departments of My.sore and 
Baroda, the Inspector-General of the Civil Veterinary Department, , the 
Superintendent, Civil Veterinary Department, Bengal, the Director, Botanical 
Survey of India, and the Scientific Officer to the Indian Tea Association. 
The increase in the number of members (thirty-five in all) indicates the 
progress that is being made in the recruitment of the Scientific Staff of' the 
Dejiartments of Agriculture. 

In his opening address the • President described the action which bad 
been taken on the recommendations of the Board in the preceding year. Of 
these recommendations the most important were the .strengtheninc' of 
agricultural staffs in India and the provision for publications by which the 
w’ork of the departments should be made accessible to, the public. At the 
first meeting of the Board, the difficulty of framing a definite policy of 
agricultural improvement and experiment in view of the scarcity of specialists 
available for the supervision of the work was acutely felt. Recommendations 
were made for the employment of additional staff in several of the more 
backward provinces and for the appointment of a number of special crop 
experts to deal with the problems presented by the more important crops of 
the country. Those which were particularly indicated were cotton, wheat, 
rice, jute, sugarcane, tobacco and fruit. Ihe large provision for agricultural 
development announced, in the last budget marks the first- step in: this 
direction. The Government of India ha.ve recommended, to the Secretary of 
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State the creation of permanent posts for crop experts in cotton, wheat, 
tobacco, jnte, indigo and sugarcane, as being the crops most likely to repay 
immediate investigation. The provincial agricultural departments have been, 
and are being, strengthened, and arrangements made for the founding of a 



Central Agnciiltnral College and Es-periment Station in every province. At 
these head-quarters a group of agriculturists and other scientific officers will 
work, while a number of subsidiary experimental and demonstration farms will 
he provided for every representative agricultural tract, in which the special 
agricultural conditions of each will be studied and the results of the work . 

brought home to the cultivators. Thus for the first time in the agricultural 
history of the country a large and systematic attempt has been made to 
develop and improve, by the applications of science, its great industry under 
conditions which promise to be permanent and therefore ultimately snccessful. 

The agricultural publications of the past were severely criticised at the first 
meetino* of the Board. As a result of its recommendations a considerable 
development in this very important matter has taken place. The issue by 
the Pusa Institute of the “ Agricultural Journal, ’’ and of Memoirs for 
more scientific Work, has been sanctioned by Government as an experiment 
for a period of three years. In the provinces arrangements for publishing 
the results of work accomplished on the experimental farms in a compact 
and easily accessible form have met with general approval. As at present 
suggested there will be an annual administration report of the provincial 
department which will contain an account of the general nature of the work 
which is being done. In addition, each experimental farm will distribute a 
more detailed account of its work to agricultural oflficers and others interested 
in experimental work. Finally, when a definite result has become established 
from a series of experiments, a separate bulletin containing a complete 
account of the work with its result will be published for general information. 

Work of other than local interest carried out in any part of the country 
will always find a medium for wide circulation in the AgricuUural 
Journal. 

In a number of other directions the recommendations of the first Board 
have been fruitful of lesults. Efforts towards the extension and improvenieiit 
of Indian cotton, by hybridisation, selection and the introduction of new 
varieties into cultivation in India, have made considerable progress. In 
this Bombay has led the way. The introduction of Egyptian cotton into 
Sind and the hybridisation work elsewhere have already given much promise 
of futuie success. Ihe question of extending jute cultivation outside Bengal is 
being fully investigated. In almost every other case the proposals of the first 
meeting of the Board have met with a favourable response. 



llie real business of tbe Board, which occupied the remainder of the 
meeting, included the frainiog of a standard curriculum for agricultural 
colleges, a review of the programmes of the departments of agriculture, 
discussions on the steps to be taken for the improvement of Indian wheat 
and tobacco, the use of commercial fertilisers in India and veterinary matters. 

Sub-committees of the Board were appointed to prepare syllabuses in 
the principal branches of agricultural education. These were then cor- 
related into a general curriculum for a course of three years’ instruction. 
A feature of these syllabuses (which are published at length in the proceed- 
ings of the Board) is the value which is attached to practical instruction 
in the laboratory and in the field in addition to class-room lectures. The 
cultivation by individual students of plots on the college farm from an early 
stage is advocated, and also the training of the students from the very 
beginning in the ordinary processes of farming as practised on the farm. In 
the cliemistry course the object in view is to bring the students into close 
contact in the laboratory with, such matters as are directly related to 
agriculture. Qualitative and quantitative analyses are subordinated and 
the practical study of the properties of typical substances and their quantita- 
tive preparation substituted. Similarly in botany, entomology and veteri- 
nary science, practical work is given a prominent place all through the 
course. The object which is aimed at is to turn out students with such a 
general knowledge of agriculture in its main lines as will fit them for upper 
subordinate posts in agricultural departments, managerships of Court of 
Wards and private estates and similar positions. The conferring of a degree 
in agriculture of as far as possible, uniform value, to be recognised as equiva- 
lent to the B. A. degree, was further recommended. 

The programmes submitted by members of the Imperial Department of 
Agriculture and by the different provinces were discussed at length. Arising 
out of this discussion the Board considered the lines of experimental and 
research work at Pusa. A sub-committee consisting of the Pusa staff and 
a number of the scientific and expert members of the Board drew up a 
memorandum in w^hich the policy which they held should underlie the per- 
manent experimental work of the Pusa Institute was outlined. In this 
memorandum the view is expressed that from the imperial character of the 
Institute the work should be of a broader and more fundamental nature 
than is usually carried on at agricultural experiment stations. The investi- 
gations should be devoted to general fundamental principles applicable to 
tropical and sub-tropical agriculture as a whole, and not be of merely local 
value. The latter should more properly be carried out at the local 
experimental farms in different parts of the country. The value of the former 
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(■‘lass of work ill seientific agriciilture is brilliantly shown by the example 
of Rothamsted in England, where possibly the most instructive series of 
agricultural experiments ever devised have been carried out. Little or 
nothing has been done in tropical countries of similar scope. Pusa provides 
an opporfonity for this work, and it will be possible to carry out investigations 
into the principles of tropical agricnltiirai practice under conditions which 
provide for continuity and adequate supervision. Pusa will naturally be ex- 
pected to undertake work of this sort, the provincial farms being in a position 
to carrv on more detailed experiments of direct utility to local agriculture. 
As indicating the direction which the experiments at Pusa are likely at 
present to take, the following may be mentioned. In xAgricultural Chemistry 
plant nutrition investigations, particularly regarding the mode of transmis- 
sion of food to the plant, including such enquiries as the movements of soil 
water, the availability of phosphate and potash in soils, and other large 
problems. In Botany the study of the principles which underlie plant 
breeding and plant improvement in India, permanent experiments in fruit 
culture, fibres and similar matters. In Mycology the investigation of soil 
fungi and their influence on plant nutrition and soils, and the study of 
speoific plant diseases with a view to determining the cmises which 
underlie parasitic attack and the result on the plant. In Entomology a 
general survey of the insect pests of the country and a study of the condi- 
tions of climate, soil and other factors governing their distribution and 
prevalence. In Bacteriology the influence of soil bacteria on plant nutri- 
tion in the tropics, the decay and fermentation of organic niannres, soil 
inoculation with bacteria, fermentation processes in agriculture and the 
applications of bacteriology to the investigation of the method of plant 
nutrition in Indian soils. In addition to these main investigations there 
will necessarily be a considerable number of enquiries referred to Pusa 
from all parts of the country, soils, manures, food and oil cakes for analysis 
and report, botanical enquiries of various kinds, crop diseases and pests 
for identification and recommendations for treatment. Many of these less 
fundamental problems can gradually be dealt with by the provincial depart- 
ments themselves, but particularly in the biological sciences Pusa will 
have to be in a position to advise and assist other workers in India, since 
it is at Pusa alone that the knowledge of the conditions prevailing in 
every part of the country can be concentrated and that collections permitting 
of the identification of agriculturally important plants and insects for 
the whole of India can be accumulated. 

In considering the programmes of provincial departments of agriculture, 
some general principles were suggested by the Board as useful in laying 
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out farms and arranging their work. It is recommended that in farms 
attached to colleges the teaching portion of the form should be kept quite 
distinct from the experimental. Other farms should be founded, each 
with some definite object in view in improving the agriculture of its parti- 
cular tract In some the object will be the study of a particular crop. A 
number oi farms of this nature have already been started, such as those 
devoted to sugarcane at Samalkota in Bladras, pepper at Taliperamba and 
p-ound-nut at Palur in the same province, tobacco at Hangpur in Bengal, 
tropical fruits and spices at Wahjain in the Khasi hills and others. In some, 
pnera problems connected with changes of cultivation or crops, irriga- 
tion the reclaiming of bad lands and similar matters are more important, 
beed raising is certain to be a very important branch of the activities of 
most departinents, and this will require separate seed farms, some of which 
are already in existence. Demonstration work is iinother distinct section, 
one of the most important of all when the work begins to yield definite 
results, and separate demonstration plots, probably in large numbers, will 
be peded. In experimental farms the question of procuring greater 
efficiency and rapidity of tillage, and associated with this the improvement 
of work cattle and of cattle fodder, should be an important line of work. 
1 he sites for farms require to be selected with considerable care and to be 
tested by uniform cultivation to learn their peculiarities and to judge of 
their suitability for experimental work. 

An account of the multifarious activities of the provincial departments 
of agriculture as submitted to the criticisms of the Board would take up 
fai too much space to describe in this article. They may be found in detail 
m the proceedings of the Board and the reports of the departments. The 
meie enumeration of the work in hand with sometimes a very brief des- 
cription of its nature occupies nearly twenty pages of an appendix to the 
Proceedings. One lesson has, however, been learnt in the past— -that it is 
useless to attempt a large programme of work with an inadequate staff. 
The very attempt defeats itself, for supervision becomes impossible and 
the energies of the department become distributed over such a large field 
that little is ever really finished. A tendency to cut down work to a 
manageable size has become visible and will probably continue until the 
departments are better equipped. There is no doubt that this is a healthy 
sign of the more business-like spirit which has been infused into the work 
of agricultural improvement in recent times. 

Certain general lines of agricultural work are prominent in the pro- 
grammes of the more advanced provinces. In Bombay, Madras and the 
Cnited Provinces for instance the study of individual crops has been 
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iindertakoii, in each case from the same general standpoint. The crops 
include sorghum, wheat, cotton, sugarcane, groniid-niit, poppy and others. 
In each the first stage is the working out of the varieties grown in the 
provinces concerned, including a botanical classification, the determination of 
their agricultural characters and of their merits or defects and any other 
points of importance which may occur. In this way accounts of Wheat and 
cotton have recently been published in Bombay, of sorghum in Madras and of 
sugarcane in the United Provinces, It is recognised that a reliable knowledge 
of the existing varieties is a necessary preliminary to much of the -work of 
improvement. 

Beyond this point the enquiries have not as yet progressed to any 
extent except in the case of cotton. But the further work which has been . 
undertaken in the latter is probably an indication of what will be eventually 
done for many of the principal crops of the country. This work has been 
chiefly in the following directions. First an attempt is made by hybridisation 
and selection to produce new varieties or to improve existing ones so that each 
climatic area may obtain a plant better suited to its needs than those already 
cultivated. In this, of course, attention is largely given to the class of lint 
produced by the new or improved variety. But it is becoming more and 
more recognised that in the economic state of the ryot it is useless to provide 
a superior staple unless the conditions which govern its suitability from his 
point of view, such as its hardiness, ease of cultivation, resistance to drought 
and cold are carefully borne in mind. It is useless to introduce a long- 
stapled cotton to replace a shorter, if the former is more troublesome to grow, 
less hardy, more liable to risk of loss in an unfavourable season and there- 
fore in the long run less profitable to the cultivator. A larger profit does 
not in India, as it does often elsewhere, compensate for a greater risk, for it 
IS only rarely that the cultivator has a reserve to fall back on. A second 
direction in which an attempt is being made to improve Indian cotton growing 
is so to alter local cultivation as to enable a more profitable variety to be 
grown or to improve the yield of an existing one. In some parts, for in- 
stance, cotton is being sown with irrigation before the rains, as by this means 
it is hoped that the better class of cottons may mature in Northern India be- 
fore the cold season arrests growth. 

Besides these two lines of work which can only be undertaken when a 
knowledge of the agricultural varieties of each province has been gained, 
there are several other directions in which improvement is being aimed at 
Seed selection and distribution is one of these. In the districts of Dharwar 
and Ahmedabad, cotton seed selected from the fields of cultivators sufficient 
to sow 11,500 acres was distributed by the Bombay department last year. 
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In several other provinces similar field selection of cotton seed has been 
undertaken, beed of good varieties obtained in one part of the province has 
also been distributed to districts, where an inferior variety is grown. This has 
been done with a number of other crops, such as wheat, sorghum, and paddy, 
and one of the most successful of these attempts has been the introduction of 
Mozuffernagar wheat into the Eastern portions of the United Provinces. 
The trial of exotics, while not as a rule offering the same promise as the 
improvement of indigenous kinds, has in some oases been successful. In Sind 
some six thousand acres will be sown with Egyptian Abassi cotton this year, 
as this variety has proved suitable for irrigated lands and gives a good yield 
of lint, which has been valued at twice as much as the local kinds. Perennial 
cottons, both Indian and exotic, are being experimentally grown in several 
localities. Experiments in manuring cotton are in progress at a number of 
Government farms. Demonstrations of improved methods of cultivation for 
cotton have been made in backward parts of the Central Provinces and 
elsewhere. 

The above is a summary gathered from the programmes of work of the 
departments of agriculture submitted to the Board, of the lines on which the 
improvement of a specific crop, cotton, is being attempted in India. What 
is being tided with cotton has commenced with several other crops, and 
eventually we may hope to see a number of the chief crops of the country 
systematically dealt with, and the direction in which improvement can be 
carried out determined. With two, wheat and tobacco, the Board have, in 
fact, drawn up a definite scheme for future wwlc in view of the expected 
appointment of special wheat and tobacco experts. 

The improvement of Indian wheat was considered largely from the point 
of view of the export trade. This has recently reached very large proportions, 
India having supplied more wheat to the United Kingdom in 1904-5 than 
any other country. Most of this wheat is used for bread making. Ko 
reliable milling and baking tests have, however, as yet been carried out, and 
the relative value of the varieties cullivated and the manner in which they 
compare with other wheats imported into the United Kingdom as bread- 
makers is not known. A survey of the varieties cultivated has been made 
in only a small part of the country, and this is the first step in the improve- 
ment of any crop. Indian wheats are often mixed, and a mixed wheat is 
unsatisfactory from the miller’s point of view. There are dilEculties 
connected with adulteration, storage, transport and other matters, all of 
which interfere with the export trade. As a result of the consideration of 
these points the Board adopted a scheme for future work, which should be a 
useful indication of the matters to which attention should be directed. They 
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suggest that in tbe firsi place a reliable survey of the varieties cultivated m 
each province should be made. This should include the general agricultoral 
characters of the varieties, their distribution as regards area and type of soil, 
rust and drought resisting power, and suitability of the grain for local use 
and for export. In the second place milling and baking tests of the chief 
varieties should be made. Whether these should be carried out in a laboratory 
specially equipped for the purpose in India or should be done in England 
was left over for future consideration after the appointment of the wheat 
expert. Next the growth of pure varieties and the export of pure samples 
should be encouraged. The storage question should also be enquired into. 
Adulteration and transport difficulties are considered to be primarily matters 
to be dealt with by the trade. Finally a number of experiments, including 
the production of new varieties suitable for definite areas, introduction into 
cultivation of rust-resisting and drought-resisting wheats, seed distribution, 
rotation and other cultivation experiments and the like, are indicated. 

In the same way a scheme was proposed for future work in the improve- 
ment of Indian tobacco, 
most advantageously com 
cultivation and curing 
ascertain the causes of the 
different gardens. 

of tobacco soils and of the well waters 
the cultivators attach so much value, 
should be carried out on the lines mentioned above in the cases of cotton and 
wheat. Experiments should be made in cultivation, methods of harvesting 
and methods of curing, especially the latter which offers the largest field for 
experimental work with the greatest possibilities of improvement. The trial 
of exotics should be one of the important lines of work. It is not considered 
that there is much scope for improvement in the production of tobacco in the 
form usually consumed by natives of India except by increase of yield, the 
main possibilities lying in the production of cigar, cigarette and pipe tobaccos. 

Another subject which was considered by the Board was the use of 
commercial fertilisers in India. In some parts of India the time has arrived 
when there is a prospect of introducing this class of manures wdth good 
results. There is, however, often a difficulty in obtaining fertilisers of 
guaranteed quality. Suggestions for legislation for the inspection and 
control of commercial fertilisers were made and information concerning the 
systems in force in other countries was given. The Board resolved to appoint 
a committee to investigate the whole question and report to the next meet- 
ing, when the advisability of recommending legislation would be considered. 


Certain areas are specified in which work may be 
menced. In these tlie existing methods of tobacco 
should be enquired into, particularly with a view to 
very different qualities of tobacco produced at 
This enquiry should be supplemented by an investigation 
used in irrigating tobacco to which 
A comparative survey of the varieties 
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Mam matters connected with agricultural stock and veterinary snbjecis 
were on the agenda sheet. Amongst these was the danger of restricting 
cattle-breeding by the ciirtailment of grazing grounds both b}' increased 
irrigation facilities, which have led to large areas being devoted to 
arable cultivation without any provision for grazing, and by closing forest 
reserves. A second matter was the consideration of the best method of 
employing the services of veterinary assistants, whether by stationing them 
at fixed headquarters or making them travel about their district. The 
piovision of fodder in times of famine was also brought up for discussion. 
The Board decided that the issues raised by these questions are so large and 
the time given to consider them so limited that they should be deferred until 
the next meeting. Ihe Government of India will be asked to request local 
Governments to collect information which will then be distributed to members 
well in advance of the meeting. 

Before breaking up, the Board adopted some suggestions made by the 
President regarding the procedure to be followed in preparing the subjects 
for discussion at the annual meetings. It was agreed that the main subjects 
should be decided on as far as possible at the close of the preceding meeting 
in order to give members time to prepare the materials necessary for a full 
consideration of each. For next year the following programme was recom- 
mended : the confirmation of the proceedings of the last meeting ; considera- 
tion of the programmes of the Imperial and Provincial Departments of 
Agriculture ; a discussion on the improvement of sugarcane ; and the 
subjects referred over from the last meeting. Other subjects are likely to 
arise during the year. Finally it was decided to recommend to the Govern- 
ment of India that the meetings should be held alternately at Pusa and in the 
provinces, and it was suggested, at the invitation of the United Provinces 
Department, that the next meeting should be held at Cawnpore, 

The above account will give some idea of the nature of the work done by 
the Board of Agriculture, and all its members feel that the annual meeting 
is a most useful institution, which affords an opportunity to the agricultural 
staff scattered throughout India of discussing their problems with each other, 
of correlating their work and of benefiting by hearing the views of others 
working for the same great object — the improvement of Indian agriculture. 



(VN EXPERIMENT IN THE ERADICATION 
OF THE KANS WEED 


By E. BATCHELOR, i.c.s. 


Commissioner, Saugor, Central Frorincei 


The weed, generally known as kans (Saceharimi spontaneiim) is one of 
the worst enemies of the cultivator in some parts of India. It is most 
common in the black soil tracts in the centre of peninsular India, conipri« 
sing the Bundelkhand division of the United Provinces, portions of Central 
India and the northern districts of the Central Provinces. In this tract it 
infests hundreds of thousands of acres of good culturable land ; indeed it is 
most prevalent in the richest soils. Under normal conditions, the ryot is 
able to keep this weed in check by the very careful tillage constantly given 
throughout the monsoon period to land destined to be sown with a rabi crop 
towards the close of the rains, but this careful tillage cannot be given in excep- 
tionally dry and exceptionally wet years. Its rapid spread has been one of 
the very worst incidents of the series of dry years which have characterized 
the past decade, for its presence has not only caused much of the land which 
could not be properly cultivated or sown on account of short rainfall to lie 
fallow, but what is worse, it has made the reclamation of such land so 
expensive that very large areas indeed have been abandoned and allowed 
to remain waste till the weed dies a natural death, a relief which comes to the 
cultivator not earlier than after a dozen years. In such land the weed forms 
a dense matted mass of roots in the soil, which prevents its tillage by a 
cultivator who does not possess exceptionally good bullocks, strong ploughs 
and ample means to bear the heavy expense involved. 

My first practical acquaintance with the subject was in 1901 when I 
was posted to the Saugor district of the (Jentral Provinces, which contains 
one of the very worst of the tracts affected by the presence of the grass. 
I was then told of several experiments which had been made by Govern- 
ment in order to ascertain w^hether the grass could be cheaply eradicated, 
borne land was broken up with foreign iron ploughs, and in other plots the 
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weed was dug up bj band labour. The ■ great' cost of the latter iiietiiod 
makes it quite uneconomical except in very special cases and precludes its 
adoption except by the richest ; however the curious part of my informa- 
tion was that the labour was absolutely thrown awa}^, as the grass conti- 
nued to grow after the land had been hand-dug. I can scarcely believe that 
such would have been the case had the land been cultivated in the ordinary 
manner alter the weed had been dug out. The first mentioned method, 
ploughing with iron ploughs, was unsuitable for general adoption, for the 
people said it was beyond the power of their cattle, and also of their plough- 
men. As both experiments were failures, and as it was the Government 
which had carried them out, the result was to strengthen the people in 
their conviction that it was useless to attempt the eradication of the weed ; 
and I found recently when visiting Khurai in order to make an experiment 
with the insfcr ament described later on that the very best of the cultivators 
still entertain this fatalistic idea. A third method that has been tried is 
the embankment of land so as to keep it under water throughout the 
monsoon rains. This method is reported to have met with some success, 
but it is obviously applicable only to fields which are favourably situated for 
flooding, and moreover the expense of embankments is heavy. In Decem- 
ber 1901, I was transferred to Hoshangabad where the kan:^ weed was almost 
as bad as Khurai, and where in great measure as a consequence of its 
presence theland revenue had just been considerably abated, and where 
some of the most famous villages of the district had become almost a wilder- 
ness of kam. Indeed in the Central Provinces alone, the presence of kam 
has caused, and will cause for many years to come, an annual loss of many 
lakhs of rupees, both to the cultivators and to Government. 

It occurred to me that to a large extent the failure of methods hitherto 
tried might be due to fact that too much had been attempted at once, and 
that better results might be obtained by eflecting the eradication of the weed 
an operation distinct from that of breaking up the soil. The common 
plough is made as large as it is possible for the ordinary bullock to work, 
and hence if to the resistance of the soil is added that of the roots, which is 
very large indeed where the kam is thick, the result must be that the plough 
cannot work at all deeply, and as the roots run at all angles, the land must 
be ploughed very many times before the plough can get deep enough to 
produce a tilth suitable for sowing. Further, as the point of the plough is 
smooth, the root is severed in a very uneconomical way. 1, therefore, came 
to the conclusion that what was required was something thin with a sharp 
edge. This would, by cutting the roots into suitable lengths, get rid of the 
resistance caused by their great tensile strength and allow them to be cut 
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without greatly disturbing the soil : the latter was left for a subsequent 
operation. After several experiments with various kinds of instruments fitted 
first to the hoe (hakJuu‘) and then to the plough in different ways, I came to 
the conclusion, that a thin vertical blade fixed in the plane of the body of 
ilie plough and with its cutting edge set at an angle of about 20 degrees to 
tlie horizojital gave the best results. The sketch below shows the size of 
the blade and the manner of its attachment to the plough. 


SMLErl»4 


ACTUAL SIZE. 


rig. 1. Side elevation. Scale 1 in 24. The dotted line shows the ground level. 

Fig. 2, Section of blade on A — B. Actual size. 

Fig. Front elevation of the lower part of the plough-tail. Scale 1 in 4. 

Fig. 4. Section of blade on C— D. Actual size. 

The blade is about J5 inches long and tapers to a point from a width 
and breadth of 2 inches and ^ inch respectively. I have found it most 
convenient to attach it to the beam of the plough, but it may give as 
good results if otherwise attached* 

Having decided on the make and use of the instrument, a beginning 
was made in the first week of August 1902 with an experiment in the worst 
piece of the kans fallow which 1 could find in the vicinity, and in this plot 


BATCHELOR. 



the grass was nearly as thick as it is ever found, 
above the average of those owned by the ordina 
the average of those used by landed proprietors. T 
and then cross ploughed with the blade so as to cut 
one foot in size, and was afterwards ploughed once ' 

I was then under the impression that the work of era 
if re-growth was to be prevented, and for thei 
ginbbed up with an instrument specially designed for the 
ordinary bahhar (paring plough), and a sketch of which 
This instrument was used in the 
were two operations, one being at right an, 


Tlie bullocks used were 
try tenants, ,biit not above 
'be land was ploughed first 
the soil into squares about 
with the ordiiiary plough, 
clication must be thorouo^h 

o 

'se reasons the roots were 
purpose from an 
is shown below, 
same manner as the blade, i.e., there 
igles to the other. 


SCALE-} ^8 


actual size, 


Diagram of the grubber. 

Fig. 5. Side elevation. Scale 1 in 8. The dotted line sho^ 
Fig. 6. Section of iron on A—E. There were two such ba 
Actual size. 

I now consider, however, that this instrument ^ 
the power of the bullocks, and consequently do not re 
this purpose. The roots were then collected by hani 
there is any necessity to do so, hut because 
was an excellent object lesson. And in order to j 
of unsevered roots, I gave strict injunction tha 
amount of force should be used in collecting the 
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oiithim for the district ana evince ou p«r wut. 

concerned. The season was, however, a favourable one, in which the yield ol 
<rram grown in ordinary land of similar quality may be estimated at 
800-1)00 lbs. per acre. From timing experiments made, I came to the 
conclusion that quite seven to eight acres could be broken up from fallow mth 
one pair of bullocks in one working season. The operations were repeated in 
11103 in the same spot during my absence in England, with the result that 
the kaas absolutely disappeared and a normal crop of wheat was raised. 

Mr. Mollison, Inspector-General of Agriculture, and Mr. Sly, then 
Director of Agriculture in the Gentral Provinces, paid a visit to the plot 
in September 1902, whilst the experiments were in progress, and as a result 
it was decided to make comparative experiments to test the respective 
merits of this imstrument, and the country and iron ploughs for /m/i.s- 
eradication. The experiments were made in 1904-05 on the Hoshangabad 
GOTernment Experimental Farm, which is situated at a distance of about 
one mile from the locality where the experiments just mentioned were 
conducted. In the plot reserved for experiment with my instrument, a 
ploughing and cross ploughing were given with the blade, after wliich two 
hoeings vvere the only operations previous to sowing. The crop sown vvas 
gram and the outturns obtained were 239 lbs. per acre in the case of the 
Swedish iron plough, 258 lbs. with the country plough and 381 lbs. with my 
instrument. The cost of the operations has been given at Rs. 7-2-9, 
Rs. 6-12-6 and Rs. 7-15-6 per acre respectively, as compared with Rs. 4-13-0 
in ordinary land. In this calculation the value of the labour of a pair of 
bullocks is put at 12 annas a day. 

The outturns may appear at the first sight to be very different from 
those 1 obtained. The year 1904-05, however, was a bad one for crop 
yield, as the rainfall was much below the normal and the crop suffered 
from frost, and the outturns in the only three plots of ordinary cultivated 
land sown with gram were 265, 312 and 359 lbs. per acre respectively. The 
average of these is 310 lbs., and it will thus be seen that the outturn 
obtained in the kans plots treated with my plough was nearly 25 per cent, 
better than the average in ordinary land and was greater than that in the 
best of the three plots. More labour was spent on the land by me than 
in the case of the experiments at the Government Farm and hence it would 
aimear that the two results are mutually confirmatory. I have myself 
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this year conducted experiments at Khurai in the worst Held of Un.< fallow 
which could be shown to me in the vicinity, and the latest reports received 
are to the effect that the gram is better in that plot than in the ordinary land, 
which helps to coufiim the results obtained in the two previous experiments. 
I think that the rainfall of the year 1902 was, if anvthing, unfai-ourable 
for the experiments. As above stated, the experiments began in the 
first week of August, and were practically finished by the third week of 
that month; there were no field ojierations thereafter till the end of 
September. Only I’OS inch of rain was registered in the last 11 davs 
of July, and 50 inch in the first 17 days of August ; fairly heavy rain then 
commenced, and in all 10’71 inches were registered in the month as 
compared with a normal of J3-43 inches. The rainfall recorded at each 
of the two nearest rainfall recording stations was above the normal. In 
September the rain practically eea.sed on the 21st, when 6-89 inches had 
been registered as against a normal for the whole month of 9-54 inches : 
the rainfall in this period of 21 days was thus about 1-| inch below the 
normal. For the period August 18th to September 21st, the rainflill was 
17-60 inches as compared with a normal of about 12 inches. It will thus 
be seen that at the beginning of the experiments the ground was somewhat 
too hard for the effective working of the blade, and that after the second 
week of August the rainfall was favourable to the re-growth of the severed 
roots. In 1903 the rainfall was practically equal to the normal ; and in 
1904 it was considerably below the normal. It is possible, however, that 
in an exceptionally wet year, severed roots might grow to such an extent 
as to make eradication by a hoe not altogether effective, but an additional 
ploughing with the ordinary plough would then be necessary and sufficient. 

So far as the experiments have proceeded, they appear to show 
clearly that the use of the instrument now under notice gives far better 
results than can be obtained by the use of the country or iron plough. The 
instrument can be worked with even less draught power than is required 
for the ordinary plough and its price, which is from Ks. 2 to Rs. 3 accordiim 
to the quality of the material used, places it within the power of the poorest 
tenant; it can be sharpened and adjusted by the ordinary village artisans. 
The arguments usually adduced against new instruments have, therefore, 
in this ease no validity. 

It remains to be considered to what extent the demonstration of 
the advantages attending its use are likely to lead to its adoption by 
the ordinary cultivator. I must confess that my acquainiance with the 
considerations determining the kind and extent of the variou.s field 
operations is insufficient to induce me to give a general answer to this 
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■ailable which would enable one to isay to wnat, 
•s by being deprived of one of the usual operations, 
ible to give an answer and thus to calculate the value of 
devoted to the breaking up of kans fallow, when this is 
of ordinary field operations, but even so it would 
al as pm-haps to be of little use. Then, again, although it may 
go a litfcle in the present in order to reap 
I fear the ryot who works 
and perhaps the ordinary 
his attention on the current year; the last 
desirable even if no experiments 
riments made in 1902 and 
lerintendeiit of the Hoshangabad Govern- 
a fairly well-to-do man 
* ‘ of bullocks to the cultivation of nothing 
strongly inclined to believe that the oidinaiy 
year make a profit from a holding of nothing 
of the instrument described. It is, I think, 
‘dinary plough the cultivation of /caa,s fallow is 
is concerned, whether the cultiva- 
at the expense of other land 


<|oestion ; were information av 
extent the hind suffer 
it might he po: 
the time which is 
effected at the expense 
be so geoer 

theoretically be advisable to fore, 
a larger harvest in the next and following years, 
with an eye to the future is an exceptional man, 
man is wise in concentrating 
decade has shown that a large reserve is 
are tried. Details which I have kept of the exper 
those furnished to me by the Supi 
ment Farm point to the oonclusion that it will pay 
in a normal year to devote a pair 
but kans fiillow, and I am s 
cultivator could in a normal y 
but kans fallow, by the use 
certain that with the or 
conducted at a loss so far as the first yeai 
tion is prosecuted as a separate operation, or 
already in cultivation. 

Although it may be possible, by recording 
ed in the breaking up any particular area of /cans fallow, and by comparing 
this with the number of days on which cultivating operations in fallow 
land is feasible, to estimate the area which could be broken up by one pair 
of bullocks specially reserved for tbe purpose, and thus to ascertain the 
financial result of the operations, I do not consider that this is sufficient 
to convince the ryot of the advantages of the method, as he will admit the 
crop is good, hut object that the amount of labour is so excessive as to 
debar him from imitating it. It appears to me that the best method will be 
to reserve a pair of bullocks specially for the purpose of breaking up kans 
fallow, and thus to demonstrate to the full what can be effected by the use 
of the instrument. The cultivator will then be able to draw his own 
conclusion as to the financial result of the cultivation and decide to what 
extent it is advisable for him to copy it. If the results prove the ope- 
ration is profitable, I can think of no better method of carrying conviction. 
I trust that it may be found possible to conduct experiments on these lines 
In nil districts where the presence of kans is as heavy a burden on agri- 



CONDITIONS OF SERVICE IN THE AGRICULTURAL 
DEPARTMENTS OF INDIA. 


xiN article in our iirst issue gave an account of the present constitution 
ot the Agricultural Departments ot India and of the propo,sals for their 
expansion, which showed that a considerable increase in the staff of 
specialists is contemplated. W e now publish a memorandum contain- 
ing the terms of employment in the higher appointments of the Indian 
Agricultural Service. It is anticipated that these terms will secure for 
India the best of the young scientists of the English Universities and 
Colleges. The plan of recruiting a supernumerary staff of young men, who 
have just completed their College course and who will undergo a further 
training under Indian conditions at the Pusa Research Institute, will also 
help to remove some of the difficulties that now exist in securing qualified 
candidates of mature experience. It is hoped that in time some of the best 
students of the Pusa Agricultural College will ultimately be qualified to 
fill a proportion of the higher posts of the service. 

APPOINTMENTS IN THE INDIAN AaRICDLTURAL SERVICE. 

1. The appointments in the Indian Agricultural Service include those 
of Deputy Director of Agriculture, Superintendent of Government Farms. 
Agricultural Chemist, Economic Botanist, Mycologist, Entomologist, Profes- 
sors of Agriculture, Chemistry and Botany at Agricultural Colleges, and 
the like. Some of these are included in the Imperial Department of Ao-rieul- 
ture under the direct control of the Government of India, but the majority 
are included in the Departments of Agriculture of the several provinces of 
India. In some cases candidates will be appointed direct to these posts, but 
in most cases they will be appointed as supernumeraries, will imderao a 
further course of training in India in Indian agriculture, and will be appoint- 
ed to posts on the regular establishment as vacancies occur. 

2. Appointments are made by the Secretary of State for India as 
occasion may require, and applications regarding them should be addressed to 
the Revenue Secretary, India Office, London, S. W, 



Ountlidates .■ must, as a rule, ; be not less than zo nor more than dU 
rears of age. Exceptions will be made as regards the maxi iniiin limit only 
in the case of appointments requiring special qualifications. Candidates 
miist furnish evklenee of having received a good general education, and of 
possessing a thorough knowledge of the science of agriculture or of the 
particular science required for the appointment applied for. Preference is 
given to British-born subjects and to distinguished graduates of some 
LTniversity in the British Empire. 

4. Applications should be submitted upon the form provided for 
the purpose and should be aecompauied by testimonials setting forth 
follv the candidate’s personal and professional qualifications and practical 
experience. 

5. Candidates whose applications are selected for consideration will be 
required to present themselves for an interview with an official at the India 
Office. In selecting candidates for appointment weight will be given to the 
possession of (a) a University degree in honours in science or the diploma of 
a recognised school of agriculture, or other like distinction ; ( h ) qualifications 
in a special science according to the nature of the vacancy to be filled ; (c) 
practical experience. Importance is also attached to bodily activity and 
ability to ride, and selected candidates have to undergo an examination by 
the Medical Board of the India Office as to their physical fitness for service 
in India. 

fi. Newly appointed officers are required, before leaving this country, to 
enter into an agreement wdth the Secretary of State embodying the conditions 
of their appointment. They are also required to leave for India within three 
months of their appointment by the Secretary of State, and are provided a I 
the expense of Government with a first-class passage to India, the cost of 
which they will be required to refund if they voluntarily relinquish the service 
of Goveniineiit before the close of three years from the date of appointment. 
In the event of an officer being compelled by ill-health to give up the servict' 
within that period, a first-class passage to England will be provided ar 
the expense of Government. Pay commences from the date of arrival 
in India. 

7. An officer appointed to the Agricultural Service, whether as a super.' 
numerary or otherwise, and whatever his initial salary may be, will be o * 
probation in India for three years, within which time he will have to pas ? 
an examination in a vernacular language. His appointment may be cancelle " 
for failure to pass this examination, or at any time for unfitness or miscondiic*^. 
At the end of his three years’ term of probation the Government of India 
will decide wliether to retain or dispense with his services. 
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8. Officers of the Agricultural Service are expected to give their whole 
time to the duties of the service, and are liable to transfer from one appoint- 

menfc or province to anotlier. 

9. ^ The salary attached to posts in the Indian Agricultural Service will 

ordinarily be— 


For the first year 

j, second year ... 
j, third year 

„ fourth and subsequent years 


Bs. per mensem. 
400 
430 
460 
500 


rising by annual incre- 
ments of Rs. 50 a 
montli to Rs. 1,000 a 
month. 

^ Candidates who are required to undergo a further course of training in 
India under paragraph 1 above will be appointed on this scale of salary, com- 
mencing on a pay of Rs. 400. Where for special reasons a candidate is 
recruited for direct appointment to one of the regular posts under paragraph 
1, his initial pay will be determined with reference to the special quaHfiea- 
tions and the length of European experience required for the ajipointment 
for which he is specially selected, but his subsequent increments of salary 
will be regulated by the foregoing scale. 

No exchange compensation allowance will be given, and free quarters 
will not usually be provided. 

10. Members of the Indian Agricultural Service draw travelling allow- 
ances for journeys on duty as officers of the first class under the Civil Service 
Regulations. 

11. On being confirmed in his appointment, a probationer will become 
eligible, as fioin the date of his arrival in India, for leave allowances and 
pension, under the provisions of the Civil Service Regulations applicable to 
the Department. These regulations are liable to be modified by the Govern- 
ment of India from time to time. Copy of an abstract of them will be 
supplied on application to the Revenue Secretary, India Office, London 
S. W. 

12. Retirement is ordinarily required at .55 years of age, but an officer 
may for special reasons be retained after attaining that aoe. 

Form of application for appointment to the Indian Agricultural Service. 

1. Candidate’s name in full and address; and name, nationality and profession 
of father. 

2. Date of birth (cop^ of hirth certificate should he attached), 

3. In what School or Schools educated (give dates). 
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4. Particolai'd of TJniversifcy career, distinctions and degrees fgive dates). 

5. Particulars of course of instruction undergone at any special College or 
Institution (give dates). 

6. Particulars of special qualifications, theoretical and practical, for the post 
applied for. 

7. How occupied since completion of course of study (with dates), with full 
particulars of any practical experience which the candidate may have acquired. 

8. Married or unmarried. 

9. .Referonee.s (names and addresses). {Testimoinals may he submitted loitk this 
application). 

ISig nature. 


The Candidate should state in this space any further facts, not given above, which 
he may desire to mention. 


NOTES. 


The Selection OF Pkpp,k Vine«.~A^^^^ conversant M-ith a 

plantation of black pepper will have noted the great variation in the bearin-r 
power of different vines. A special study of this qne.stion has recently been 
undertaken in the AVvnaad and Malabar, and some of the results are' c^ivei. 
below. 

Each plantation has been found to consist of a great number of varie- 
ties, probably all or nearly all belonging originally to one species. These 
varieties may be separated by their habit and general appearance at a distance, 
by the shape and colour of their leaves and lastly, under a lens, by the eha- 
racter of the individual flowers. The flowers of the best varieties are ail 
well supplied with both stamens (the male elements) and ovarie.s (the female 

organs). And as a general rule any lack of fertility is due to the absence 
of one or other of these. 

Purely male vines are of rare occurrence. It is not likelv that any 
one would take cuttings from a vine which had never been kno^vn to bear, 
and this would be the character of a purely male vine. Purely female vines, 
that is to say ones with no stamens at all, are common in the Malabar planta- 
tions. Their spikes are formed as usual, but as ripening approaches many 
of the berries do not swell, this being probably dependent on the nearness 
of the stamens on some neighbour. In the Wynaad plantations the purely 
female vines are uncommon, but there are very many which are markedly 
deficient in stamens. These go by very various names, the sparseiiess of 
stamens being usually accompanied by differences in habit and foliage 
noticeable at a distance. 

Ill choosing vines for propagation it will, therefore, be necessary first to 
determine whether the })lant is fully provided with stamens. This may usual- 
ly be done by naked-eye observation all through the fruiting season, but it 
will be safer to use a lens. It may be taken as a rule that any vine, if fully 
provided with stamens, will give a good crop, while any vine not so provided 
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will 1)6 cjipricioiis in its bolitiwioiir, boin^ dcpoiidont on its ncigliboiirs .for tho 
swelling of its berries. — (0. A. B.) 
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The Mango Weevil. (Grypttri^liyne^^^^^^ Fabr). — Among tbe 

insect pests of India is the weevil which destro 3 ^s the fruit of the mango and 
which obtrudes itself so nnpleasantlj^ upon the notice of those who eat this 
fniit. As yet no method has been found of checking this pest which, wlnlst 
most common in Bengal and Assam, appears to be spreading over India and is 

certainly known from Satara and the neighbonr- 
4;^^ .-A' hood of Bombay. It is not confined to India, 

I si V i ' occurs in Natal, Hawaii and probably 

• elsewhere in the tropics. 

" The grub or weevil is generalh^ found in 

fleshy part of the fruit or even eating tlie 
' ’ I stone, the weevil coming out through the fle.sli ; 

> ffl ' ! I Ififfi' i- mango is uneatable, but unless the beetle 

! ! I emerged, there may be no sign of the pre- 

^ i : I I sence of the grub, the fruit appearing to be 

% The life history is known to be passed in 

the fruit, that is the eggs are laid by the weevil 
in the fruit, the grub hatches from the egg, spends its life within the 
fruit and emerges as a weevil from the fruit after it has passed through the 
quiescent pupa state. As mangoes occur only once in the year, and there 
is but one generation of this pest in each crop, it was of vital interest 
to know how the weevil lives from one season to another ; how is it that 
there are Aveevils ready in the early hot weather to lay eggs on the 
mango blossoms or young set fruit ? Obviously this is the crux of the question, 
as there is no means of destroying the grub in the mango without injuring the 
fruit and no means (except netting the trees) of preventing the beetle 
having access to the flowers and young fruit. A curious point noted by 
many observers is that the same tree is affected year after year, even when 
there are numerous trees close by ; this has given the clue that has settled 
the point, 

If we examine the weevil when it emerges from the fruit, we notice that 
it is a dark brown beetle, somewhat roughened ; it is not smooth or shiny 
but dull, unobtrusive and rough ; its habits are extremely sluggish and it 
clings tightly to anything it may be on. Weevils kept in confinement under 
observation did nothing, simply lived and slept, some few gradually dying. 


NOTES. 


Eventaally it was toaiid that tiie weevil's pet hiuiit is the bark of the tuan£;o 
tiee , its form and colour are siieh that on iningo bark the insect is extreni'^'lv 
inconspicuous, and might simply be mistaken for a natural protuberance. 
When kept on mango bark it simply clings tightly in a cleft or depression 
and sleeps. It sleeps through the rains and later hot weather until the cold 
•season, when insects become torpid. In a dormant state it remains hibernating 
through the colder months until the first hot weather wakes it to activity at 
the time when the mango tree blossoms. Actually the weevils can be found on 
the trees through this long period, clinging to the bark in a cleft or depres- 
sion and extremely well hidden by their form and colour. The femal.js 
alone survive the cold weather, the males dying soon after coupling in the 
rains. We know so little of how insects pass through the seasons tliat this 
life history is not surprising, but it is rare that a life history can be so 
■completely traced and worked out. 

Evidently we have here the means of checking the insect ; it noniially 
remains on the tree from whose fruit it hatched, from one mango season 
till the next mango blossom appears. It is then only necessary to destroy 
it; as the simplest waj", paint or scrub down the bark with kerosene; 
this is best done in the cold weather but can be done at any time before 
the mango flowers or the beetle becomes active, say not later than the 
beginning of February. A farther precaution is to dig over the groiin.l 
below the trees, in order to destroy any weevils that come off the bark anJ 
take refuge there. 

It is to be hoped that those who own mango trees which are infested will 
take these simple precautions. It will at least protect their trees, and the 
practice may in time gradually become general and pass into the category of 
things regularly done as a matter of course, though the reason for them has 
long been forgotten. The mango weevil will then become extinct, exce]>t as 
naturalist’s curiosity. — (H. M-L.) 


Egyptian Cotton in Sindh. — In former years some spasmodic trials 
of Egj^ptian cotton were made in Sindh, but these were not successful; 
and it is now recognized that the failure was due to incorrect methods of 
treatment by officers who had no knowledge of Egyptian cotton cultivation. 
More recent trials conducted by Mr. M. D. Mackenzie, Deputy Commissioner 
•of the Thar and Parkar District, gave better promise, and in the past two 
years the Bombay Department of Agriculture has made systematic experi- 
ments, the work being undertaken by Mr. P. Fletcher, m.a., b.sc., I3ej)iitj 
Director of Agriculture, who has experience of Egypt. 
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A fall account oi‘‘ these experiments is given by the Deputy Director in. 
hi^ Annual Eeport on Experimental Farms for the past year, from which the- 
fol lowing details are extracted : — 


Name of variety- . 

: Averajje yiekl in lb. 

per acre of .seed , 
1 cotton. 1 

Valuation of fibre 
in pence per lb. 

Compare vyluation. 
of Egyptian at 
) the same date. 

VaiiHOvitch 

.. ; 881 


5(L to 7id, 

Sd, 

Ahassi 

... : 816 


Qd. to 6i(f/. 

7!id, 

Mitaflifi ... 

977 


o^d, to 6|rf. 


A-hmonni ... 

999 


5d, to 

■ bgt/* 


The regular ex[)eriinents were started in 1904 on a plot of land taken 
up temporarily at Dhoromiro on a canal in the Thar and Parkar District. 

The Rgyptian methods of cultivation were followed in every detail,, 
and the season was not an exceptionally favourable one. The growth of the 
plants appeared to he normal throughout. The yields were all good for 
unmanured land, and compare favourably with those obtained in Egypt. 
The best outturns were secured from the crops sown early in April and the 
worst from those sown late in June. The staple shows some deterioration,, 
which is greatest in Mitufifl and least m Yannovltch^ the finest and most 
delicate of all the Egyptian varieties. 

Last year a regular experimental farm was started at Mirpnrkhas, and 
seed was also distributed to selected cultivators for trial under careful 
supervision by officials of the Department of Agriculture. The total aim 
sown was about 1,500 acres, so that the trial was on a fairly substantial scale.. 
Definite figures of the yield are not yet available, but the trials seem to be 
almost uniformly successfnl. The crops on the Government farm are not 
so good as some of those of cultivators, the land being somewhat below the 
average in (piality and in a foul condition when it was taken up. Some 
excellent crops with a very heavy yield are being secured in some plots sown 
by Mr, M. D. Mackenzie, who has given the greatest assistance in this trial. 
According to the general estimate, the outturn will exceed that obtained last 
year, and will be larger than the indigenous Sindhi cotton, for which the 
season has not been very favourable. The lint has yet to be properly valued, 
but it seems to be (juite as good as that of last year. The zamiiidars. who were- 
reluctant to try Egyptian cotton last year, now speak of it in favourable terms.. 

Ill some plots a good deal of damage has been done by bollworm, but 
this insect pest has ravaged the indigenous cotton to an even greater extent, 
[here is no leason at present to anticipate that it wdll be d particular pest of 
i^g} ptian cotton. Some damage has also been done by white ants, which 
seem to attack the Egyptian [somewhat more freely than the indigenous 
cotton. This may be due to the fact that the land is not flooded and does 
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,«ot receive so tnucb water. The croj) from the Egyptian seed -|iro4iice/l 
last year in Sindh seems quite as good as that from newly-imported seed. 

The seed distributed to cultivators was all of the Mitafyi variety. This 
variety was selected before the full valuations of the previous crop could b**; 
obtained ; and it was chosen because it is a hardy variety in Egypt and 
ibeeause it seemed at the time the most promising variety on the Dhoronaro 
land. The subsequent valuations showed that it had deteriorated in staple 
moie than the finer varieties, whilst the current year’s trials point to 
as the better crop for Sindh. Arrangements will be made by the Depart- 
iment of Agriculture to call in the seed of the Mkaffip variety and to 
distribute Ahassi for the coming year. 

The results, so fiir as they are known, of the year’s trials are thus very 
promising. There are only two years’ crops from which to draw conclusions, 
but unless something untoward develops in the future there is great promise 
that Egyptian cotton may be grown on an extended scale in Sindh. The 
system of cultivation necessarily limits it to land supplied by perennial 
/canals, but in such tracts the indigenous Sindhi cotton occupies some 100,000 
•acres, so that there is ample room for its extension. In addition to the 
•substitution of a fine cotton for the worst Indian variety, there is the subsi- 
diary advantage of a considerable saving of water, for the Egyptian cotton 
requires much less than the indigenous. 

There are many points yet to be decided by experimental cultivation. 
The most important relates to the possible deterioration of staple. It has 
yet to be seen whether the staple will deteriorate from year to year by 
continuous cultivation in Sindh, or whether the first year’s deterioration is 
merely temporary, and due to the changed conditions of climate and soil, 
from which it will soon recover. The apparent normal growth of the plants 
raises the hope that the latter is the case. Again, further experiment is 
required to decide which is the best variety of Egyptian cotton for genei-al 
cultivation in Sindh. As pointed out above, this year’s trial points to 

As regards the future, it has been decided to proceed slowly rather than 
to attempt to secure the sowing of the possible maximum area. At the 
present stage, the cultivators require to be instructed in the proper methoiis 
of cultivation. A leaflet describing these methods has been prepared by 
Mr. Fletcher, but it is necessary to supervise the cultivation and see that 
zamindars carry out the instructions, the available staff for which work is 
limited. For these reasons, it has been decided to aim during the next 
season at an extension from 1,500 to 6,000 acres of Egyptian cotton. If 
this succeeds, the extension in future years should be much more rapid. 
‘Until the area is large enough to create a market for Egyptian cotton. 
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arrangements are required to secure tbat the cultivators obtain a fair 
[ rice for their produce. Some commercial firms have been good enough 
to make such arrangements for the current year’s crop, which may be 
estimated at about 1,000 bales of Egyptian cotton with a value of about 
Us. 14 lakh. It must be remembei’ed that the conditions in Sindh are 
(piite exceptional, as regards very light rainfall, temperature, soil and irriga- 
tion facilities, so that no conclusion should be drawn for other parts of India 
from favourable experiments in Sindh.— (F. G. S.) 

International Agricultural Conference, Home.— An important 
recent event in the history of agriculture is the first International Conference, - 
held at Eoiiie in May last, under the auspices of the King of Italy. Ko 
less than forty countries were represented by State delegates. Six were- 
sent by Great Britain, one of whom was Lord Minto, our present Viceroy,, 
so that India is assured of a sympathetic ruler in her efforts towards agricul- 
tural improvement. Another was the special representative of India— 
Sir Edward Buck, K.c.s.i., who was for many years Secretary to the Govern- 
ment of India in the Agricultural Department. The conference decided 
to recommend the formation of a permanent International Agricultural 
Institute, in which each adhering State would be represented by the delegates- 
of its choice. This will consist of a General Assembly of all the delegates,, 
which will meet from time to time, executive powers being exercised by a 
permanent committee of members nominated by the respective Governments.. 
The proposed constitution of the International Agricultural Institute was 
embodied in an ‘ Acte Final ’ which is to be submitted for the consideration 
of the various Powers with a view to its ratification. The main function of 
the InstiUite will be to create an International Intelligence Bureau for the 
collection, collation and publication of all information of interest to agri- 
culturists. The Institute will thus afford a ready means o£ obtaining in- 
formation of the comparative agricultural conditions of all countries. Its 
publications should be of the greatest value. Special attention will be giveir 
to questions relating to agricultural co-operation, insurance and credit. It 
also proposes to notify all new diseases of plants which may appear in any 
part of the world, indicating the districts affected, the spread of the disease, . 
and, if possible, the eflBcacious means of resistance. Measures for the pro- 
tection of the common interests of agriculturists and for the improvement 
of their condition will also be taken into consideration. It is evident that 
an international task of this magnitude will involve a very large annual 
expenditure. His Majesty the King of Italy has started an Endowment 
Fund with the magnificent gift of landed property producing an annual 
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income of ^12,000, and eucli adhering State will pay an annual suhscription. 
It the noble aims of the Institute are fulfilled, an incalculable benefit will 
'o'orld’s agriculture, of which India will receive her full share.— 

(h . G. S.) 

■ 

* -3f:- 

A Root Parasite of Paddy in Malabar (Sfmfu /idea, Lour). -A 
recent complaint has been received as to damage done bv “ palli ” or “ t/te— 
ep-tdUe^’ in hill paddv in Malabar. On e.xamination tlds has been found to 
be Stnga lutea. The variety of hill-paddy affected was the local “Modan.” 

Striga lutea and S. demif/ora are well-known root parasite.s on their 
plants. They usually affect the grass family, and have been recorded as 
destructive on sugarcane and sorghum in the Madras Presidency. This is 
the first complaint of their occurrence on paddy. They are small, bright 
fiowered plants, widely distributed over the elevated laterite hills of the west 
coast of Madras, the home of the hill paddy. The usual remedy for Striga 
is clean cultivation, the stirring of the soil being especially destructive to the 
delicate roots, which adhere lightly to those of the surrounding plants, and 
absorb nutriment from them. And as the cultivation of hill paddy is 
of the most primitive description, their occurrence as a pest is not to be 
wondered at. 

An exactly similar infestation has been described from the ^^est Indies, 
where Alectra brasiUensis was found destructive in badly cultivated sugar- 
cane lands. Although these parasites need not be feared where anvthing 
like intensive cultivation is carried on, yet in those large areas under grain, 
where little trouble is taken beyond the sowing of a precarious crop, 
dependent upon casual showers, Striga, by reason of its very large number 
of minute seeds, is liable to great and sudden increase. The land thus 
planted is not of great value, and it would be well to avoid planting hill 
paddy or anj' other graminaceous crop where the ground is studded by these 

pretty yellow flowers.— (C. A. B.) 

■ ■ ■ ' • ^ . . 

Composition of Potatoes. — The quality and composition of potatoes is 
a subject of investigation which is occupying the attention of S, F. Ashby, 
in the Bothamsted Laboratory, and a preliminary notice of the work has 
recently appeared in the “ Journal of Agricultural Science*’ (I, 347 — 357), 
The points so far dealt with are the high ratio of amide to proteid nitrogen 
in good tubers ; the higher proportion of dry matter in the heel halves 
than in the basal end ; the influence of the physical properties of the soil 
and the climatic conditions on the quality. — (J. W. L.) 


fw,- 



J AN'A J N DiGo. — Tbe pof^fc iiidigo season in Behar has ..eoiiclusivelj proved 
tlie siiperioritj of the plant im|)orted from Java (Indigofera arrecta) over the 
variety cultivated hitherto {!. stimatmmi). Several hundreds of acres of 
this plant were cultivated and used for manufacture, and the result has been 
nearly to double the outturn of indigo from the unit area of land. The Java 
plant is not only more luxurious in its habit of growth than the old 
variety, but it produces more leaf in proportion to stem and the leaf contains 
nearly twice the amount of indigo-yielding principle. It is a perennial 
and cun be grown for seed production quite satisfactorily in Behar. A wide 
extension of the cultivation of this plant is to be anticipated this year, and it 
is not unreasonable to anticipate that the fortunes of the indigo planters will 
improve in proportion to this increase. — (C. B.) 


Soil Inoculation foh Leguminous Crops.— Experiments are now in 
progress in various parts of India to test the application of soil inoculation for 
leguminous crops along the lines suggested by Dr. Moore of the United States 
Department of Agriculture. Cultures issued by the latter department have 
been tried on peas of various kinds and others have been })repared from several 
native crops and applied to soils bearing them. The results have so far 
been disappointing. In some cases the cro])s seem to thrive better in their 
early stages on inoculated land, but an ultimate increase in crop return 
has not so far been recorded. It is early yet to draw conclusions, hut 
the results would seem to bear out the theory that Indian soils are normally 
so well provided with the necessary nodule bacteria, owing to the wide- 
spread cultivation of leguminous crops, that no beneficial result is to be 
derived from inoculation. ~~(C. B.) 


The pests of Ground Nut in Madras.—' 
iVrcot ill tlie Madras Presidency is distinguished I 
the ground nut Injpofj(m) is cultivated i; 

Out of a total area of 440,282 acres in Madras u 
280,984 acres %vere grown in this district. The 
commanding importance in the local agriculture. 

The pests attacking ground nut are comparative] 
being “ Snviil ” or Mudvpuehi '' and ‘‘ ' 

disease which is not at present very serious in tliis nart 



tile leaf. Tlie insect is a minute dark niotli {Anaea. 
•of very active habits and is probably nocturnal. On t 
a constant shower of disturbed insects flies out, q 
under the neighbouring leaves. The walls of 
neighbourhood are sometimes blackened at night by 
attracted by the bright lights. 

The appears to prefer laying one eg 

■speklily turns brown and withers. In a bad attack th 
a blackened or blasted appearance. As is the case 
•class, showers of rain are most beneficial, while hot 
rapid increase, wliether in dry or irrigated crops. 

From the internal working of the caternillar it is ( 


AORIOITLTURAL JOURNAL OF INDIA 




ilKNDRLLSM IN Shkmp.— I n a preliiiiiiiarj riofce published in the ‘‘ Journal 
of Ai^riciiltnrai Science,” Mr. T. B. Wood gives the results of some very in- 
teresting breeding experiments -which he has been carrying out for the last 
three vears inlS’orfolk, for the purpose of testing how far what are known as 
MendeFs laws for the inheritance of definite characteristics hold good in the 
ease of sheep. For the purpose of the experiment the breeds chosen difiered 
in two definite characteristics, for the ram used was a Dorset ram, with the 
white face and large horns of that breed, and the ew-es were black-faced horn- 
less Suffolk ewes from a herd which, though not pedigree, had been under 
observation for some years, and were known to be pure as regards tliese two 
features. These are the only characters to which at present attention has been 
paid. The result of the first cross was a number of lambs with speckled 
faces; the ram lambs, however, possessed horns while the ewe lambs were 
hornless. Two of the rams were kept and bred with their half-sisters next 
year, and it is in the second cross that the results are so particularly interest- 
in for from this cross were produced pure white-faced lambs, pure black- 
faced lambs, and lambs with speckled faces resembling their parents ; while as 
re<-mrds their horns, of the eight lambs, five ram lambs and one ewe lamb 
'were horned, while one ram lamb and one ewe lamb respectively were horn- 
less. 

It would occupy too much space to enter into a full account of the 
principles of heredity put forward by the Mendel: but it is enough to say 
that in cases which conform to his theory, the first cross are all of the same 
type, whether that of one of the parents, or as in this case, an intermediate 
type ; while in the second generation, we get splitting into the two original 
types which were crossed, while others again resemble their parents, that is, 
they are either like one of the original stock or they are intermediate in 
appearance. In this case, the photographs illustrating the article clearly 
show that so far as colour goes the first cross are truly intermediate in type, 
with speckled faces and legs, while the second cross show lambs \vhich are 
clearly pure Dorset, others which are pure Suffolk, while others again with 
speckled faces resemble their parents and are intermediate in type. When 
we turn to the question of horns in the offspring, we are met with the addi- 
tional factor of sex. In the lambs of the first cross we find all the males 
with horns while all the females are hornless ; this is described in Mendelian 
terms by saying that horns are dominant in the males, recessive in females. 
The numbers in the second generation are not sufficiently large to give any 
definite result, hut we may note that we find both rams without horns and 
ewes with horns, showing that splitting is taking place. Eo doubt the con- 
tinuance of ihe experiment will give more decisive results on this point, more 



NOTES. 


t\''|)0ci£illy as? the reciprocal cross, that is the KSutiuIk ruin with iJorset ewes., 
is being tried at the Uoiversity Farm. The first generatitm frotii this cross, 
conformably to the Mendelian principles, exactly resembles the first cross- 
lambs described above. 

In view of the extreme interest of this subject to agriculturists who are 
engaged either wholly or partially in breeding animals, it is to be hoped that 
experiments on these lines will be continued. The pig might prove a useful 
animal for this \vork, since more than one litter may he taken in the course 
of the year and definite results from the niiinerical point of view would be ■ 
more quickly arrived at. Jour. Agricl. Sci./’ \^ol. I., Fail 3).™-(R. C. W.) 

boiL SiiE\EYS.^ A very interesting review of the more recent work 
which has been undertaken bj the U. S. A. Department of Agriculture io' 
the region of soils, is given by Dr. Russell in a recent issue of the ‘‘ Journal of 
Agricultural Science ’’ (1., 326—346.) The Bureau has organised a survey of 
soil types, the basis of which is the mechanical state. An area of some 400' 
square miles is allotted to one or two experts, who detail its boundaries, give- 
a brief account of its agricultural history, meteorology, geology and the like. 
Latterly Professor Whitney and his colleagues have directed their attention to 
the composition of the material in the soil which is soluble in water, and have 
compared the general fertility of soils with the amount and nature of this- 
material. Two other lines of research include a study of the mode in which 
water and gases move in the soil. The investigations of alkali land have- 
shown that if the salts are principally chlorides and sulphates ( “ white alkali ”) 
drainage may be effective, whereas if the carbonate predominates, it becomes 
necessary to destroy it before the land can be reclaimed. The effect of one 
salt on the solubility of a second has also formed the subject of experiment. - 
The evil effects of excessive quantities of irrigation water are also dealt with. 
So effective have been some of the methods of treatment that land has risen 
from a purely nominal value to 250 dollars per acre. In relation to tobacco 
culture also, new varieties such as the Sumatra, have been introduced into • 
Connecticut, although the climatic conditions necessitated a cover of cheese” 
cloth over the whole field. — (J. W. L.) 

■ ' 

Stekilization of Bone Meal.— -Owing to the risk involved of intro- 
ducing anthrax in bone meal from India and Australia into New Zealand, the 
Grovernment of the latter Colony have decided to prohibit the importation of 
raw bones, and have appointed inspectors to look after the sterilization of 
bone meal in Australia and India. Regulations have also been laid down to * 



])reveiit eoJita^'t ot the raw nuitei 
ill the mills or during transit. (. 
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Testing Cotton Seed. — It is well known that in some cases a consiJer- 
uhle percentage of cotton seed fails to germinate after sowing. This tailore 
is oenerally due to the sucking of tluj seeds by some of the cotton pests, of 
which an account was given in the first number of this Journal. The Indian 
(*ottoD cultivator ordinarily allows for this contingency by sowing a larger 
quantity f)f seed than would be reipiinMl if all the seeds were sound, but 
better results cun be obtained by sowing a smaller (juantity of sound seed. 
A simple method of separating sound from unsound cotton seed has been 
found in the course of experiments to determine the proportion of seed 
injured by Red Cotton Bug. {IltjsdeirK.'^ rln[fnlafus Fabr.). Seed from plants 
infested with these hugs is often so injured that it does not germinate. The 
simplest test would be to throw the seed into water, when the bad seed might 
be expected to float, but the amount of fuzz on ginned seed varies so much 
that this test is not reliable. If, however, tlie seed is ^ pickled ’ withcowdung, 
earth and water, the fuzz does not affect the experiment. The process is to 
mix equal parts of fine sifted cowdung and earth with sufficient water to make 
a paste ; this paste is slowly ])oured over the seeds whilst a man rubs the seeds 
in the paste. The seeds are then gently separated and dried for two to three 
hours in a shady place. When <lry, they are thrown into water ; the sound 
seeds sink, the uusonnd ones float on the surface and are removed. The fol- 
luwing figures were obtained in testing seeds : the first column sliows the 
number found bad by this test, tlie second sliows the number found bad by 
the examination of each seed. 

Jalluiidur ... ... 

Sialkot 173 190 

Uinlmlla ... ... ... ... .«• 176 

Kasur ^ ■■■ ■ . ••• -,....o37 , 511 , 

In every case 1,000 seeds were treated as above, and a second thousand 
examined by splitting each seed with a knife. The general agreement of 
these figures shows that, allowing for the variation between the samples taken, 
the test is a reliable one. The procedure is simple and the advantage of 
sowin<^ only sound seed is so great that the extra labour is a small matter. — 


White ants in Sugaeoane. — The Report of the Cawnpore Farm for 
1901-1905 gives the results of experiments in the treatment, before planting, 
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of eaiie sets 'vvith various mixtures in order to prevent widte an 
them. Ill this connection the foilovvin<»’ ex[ieriinents, eontlindt 
liesearch Institute, are of interest. In the first series of expei 
were planted in rows and irrigated ; after the lapse of eleven u 
were examined and the number then infested noted ; they were a 
a small quantity of insecticide being added to the water. Tliev v 

after three days and again after five da vs. T he dates were— plan 

irrigated on 9th, examined Itith, treated 19tb, examined 
This table shows the number attacked after the waterino' : 


JSTo. of cane 
Nf. of Line. ' sots plant- 
I ed on 7-IV. 


No. <»f sets 
attacked on 
18-!V. 


No. attacked Nu. attacke<I 
on V. oil 27- IV. 


'reatnient on 19- 1 


Goppet- 

Sulphate. 


Crude Oil 
Emulsion. 


Sanitary 

Fluid.^ 


Rape cake 
with cane. 


Water only 


In no case were canes removed, but only taken from the soil, examined and 
replaced. In the first rows the best results followed from Crude Oil Emulsion ; 
ill rows 10-12, no insecticide was added, but rape cake was buried in the 
trench when the canes were re|)laced after the examination. The last two rows 
were to check the effect of plain water. The amount of Crude Oil Emulsion 
used was at the rate of thirteen pints per acre, costing approximately Bs. 3. 
The amount of Sanitary Fluid was the same, at approximately the same cost. 

As a check on these experiments half an acre of cane planted in the 
usual waj" was treated with Copper Sulphate, Crude Oil Emulsion and 
Sanitary Fluid ; the cane was iintoiiehed and allowed to grow ; as no rape 
cake was applied, the growth was poor compared with the rest of the field,. 
but the check rows, irrigated with pure water and not manured, were no 
better, showing that this was not due to the insecticide but to lack of manure. 
Subsequent manuring brought on this plot equal to the others. This 
experiment showed that the application of these amounts of insecticide in the 
irrigation water was not prejudicial to the cane. 



A second series of experiments was carried out to test soaking the canes. 
Tliey were dipped in the following solutions : — 

Oopper Sulphate, saturated solution in cold water. 

Crude Oil Emulsion, one in four of water. 

Sanitary Fluid, one in four of water. 

Soft Soap Solution, one in four of water. 

Goiidal Fluid, one in four of water. 

The last two rows were planted in ashes, that is, the trench was filled 
with trash which was burnt, the setts being laid over tlie asb. The next 
table gives the results. As before, the canes were planted on the 7tb April, 
examined on the 19th and tlien di{)ped, and examined again on the 22!id 
and 27tb. 


In this case Sanitary Fluid gave the best result. These tests are good, 
as tile ants bad already infested the canes and there was no doubt that but 
for the treatment, a large percentage would have been destroyed. As before, 
a test was made by dipping cane sets used in the ordinary planting in the 
same solution ; these canes germinated freely and there were no losses from 
tbis cause. 

These experiments show that some advantage is gained by dipping canes 
in solutions, but further practical trials are needed to ascertain the cost of the 
treatment. It may be noted that Crude Oil Emulsion and Sanitary Fluid 
are not the same as oil ; they both mix with water freely. This may explain 
the fact that they do not impair the germinating effect of the cane. Tlie 
experiments also show that cane planted with rape cake is liable to attack 
by white ants. — ( H, M-L. ) 
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No. of Line. 

i No. of canes 

No. infested 

Treatment after 

No. infested 

No, infested 

i planted on 
‘ ■ 7-IV. 

on 19-IV. 

examination. 

on 22-IV. 

on 274V. 

15 

1 :i5 

15 

1 

Cop p e r Sulphate 

I 

2 



Solution. 



16 

n 

11 

Do. 

o 

2 

17 

29 

10 

Crude Oil Emulsion. < 

0 

1 

4 ' 

18 

.34 

8 

7 0.^ 

1 

4 

19 

30 

13 

Sanitary Fluid. 

0 

0 


37 

8 

Do. 

0 

0 

21 

44 

13 

Soap Solution. 

1 

0 

22 

40 

IS 

Do. 

3 

6 

23 

37 

34 

Condal Fluid. 

16 

13 

24 

40 

16 

Do. 

19 

11 

25 

43 

22 

Ash. 


27 

26 

46 

37 

Do. 


15 



tiio muivmuai, luere can oe iittie aonbt mat it Has enormously improved 
the agricultural conditions of this prospering colony. It is in tlie dairp 
industry that this control is more especially marked ; the State assists in 
the building and equipping of dairy factories, gives advice as to the feeding 
of cows, provides bulls for breeding purposes, and supervises the whole 
process of manufacturing cheese and butter up to the final stage of grading 
and storing prior to shipment. This grading is a most marked feature 
in the disposal of agricultural produce in New Zealand ; thus wool, meat, 
poultry, eggs, and New Zealand hemp {Phortnium tenax) are all graded 
by State Inspectors and warehoused before export. The enormous savino- 
in packing and transport is further increased by the extra value which 
these products thereby acquire in foreign markets, and there can be little 
doubt that the rapid establishment of, c.p., the dairy trade (the value of 
butter exported has risen from £66,000 in 1895 to £342,000 in 190.5), 
in the face of the competition of Denmark, Eussia, and France, has been 
due mainly to the general adoption of this system. 

The record of research work is small: the scientific staff appear to be 
mainly engaged in work such as milk testing, analysis of samples of feedino- 
stuff and manures, inoculation experiments on plants, identification of 
specimens and so on. These fill most of the report, while the rest is occupied 
with short accounts of some of the commoner fungus and insect pests with 
their remedies. The book is well got up and plentifully illustrated, the 
latter, especially the half-tone reproductions of photographs of specimens, 
being of the highest order. — (R. 0. W.) 
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HTAK]>ARI) W0RK8 (Jls" ENTOMOLOGY. 

f In the tbiiowieg notes, attention is drawn to some standard works on Insect 
Life, which shoiihl form part of tlie library of an Agricultural College, 
and with which a student of agricultural entomology should be 
familiar. The volumes reviewed in tliis issue are eight in 
number ; others will be noticed in the next issue.] 

1 . [nskgts. By I). Shakp. Camhruh/e Natural Jlirtor//. Y, Yf. 

MarMJUan Sf Co,, IT.s*. each volume. 

In these volumes Dr. Sharp has compiled a natural history of insects, 
embracing their structure, classification, and habits. The amount of inform- 
ation condensed into these volumes is very large, and a perusal of them 
gives a good general idea of the insect life of the world as now knowti.. 
Tlie author touches on recent investigations and sums u[) many of the 
t|uestions on which authorities still differ. The insects specifically mentioned 
cannot be numerous, but Dr. Sharp draws his examples from all regions 
of the globe, with a slight preference for those of Great Britain. Among 
the few errors in the volume is the doubt the author throws upon the 
statement made in Indian Museum Notes that the hherwa {Schizodadylus inons- 
Dr.) of Darbhanga does not burrow. As every one in Behar knows, 
the hherwai^ a burrowing insect, but its bizarre appearance and structure led 
Dr. Sharp into error. The student of insect life will find no better book to read, 
and a thorough knowledge of these pages would be an excellent introduction to 
the study of insects. Every libi*ary to wliich students have access and every 
Agricultural College library should contain Dr. Sharp’s work, which is 
admirable, not only for the learning in it but for the excellent spirit in 
which it is written, the spirit of the naturalist who studies, not the dead 
insect only, but the living organism as it can be found in its natural 
surroundings. — (H. M-L.) 


. . ^ ' , , , 

2. Manual fob the Study of Insects. By eJ. H. Comstock and A. B. 
(.-OMSTOCK. Comdocdi^ Pnhlhhing Company, Ithara, Nev: York, Third 
Edition, 1899. 

A volume of nearly 700 pages with over 800 woodcuts and plates, dealing 
with entomology as taught in the Cornell University. The volume has 
been prepared largely with a view to providing teachers and students with 
a reliable text-book, dealing principally with the classification of insects 
into families and the habits and life histories of these families. The examples 


LITEEAT0RE. 


discussed in detail are wholly insects of the United States and the classifica- 
tion adopted is not that of Sharp in the hook reA'iewed above. There is 
no diffienlty in co-ordinating the two systems, and a student reading Sharp’s 
woiks will find Comstock a help in the actual discrimination of families. 

The accounts of the families are excellent and should be read with Sharp’s, 
as giving an idea of the insects of the New World in particular. 

The volume is valuable principally in the laboratory, where precise method.s 

of classification, keys to families and similar information are required to 

help in placing each insect in its family. The author has much to .say 

about common pests, and as closely allied insects are injurious all the world 

over, the student of economic entomology will find much that is valuable — I 

(H. M-L.) ■ , ii 

3. Thb Insect Book* By L. 0. Howard* DouhJedo }/^ Paije 4’* Co., 

Yofk.nm. Price $ 3* (Rs. 9). 

This volume is the second of a series dealing in a popular manner with 
all classes of insect life in America. The companion volumes are to be 
Butterflies, Moths, Beetles, of which the first two have appeared. In this 

volume, Dr. Howard, the chief of the Division of Entomology in the United 
States Department of Agriculture, deals with all other insects. As the ; 

author says : Most hooks tell what is known^ but here we shall try also to | 

point out what is not ktiown but which^ uerertlieless^ can he more or less easilt/ J 

fotmd outY We would much like to see such a book written also for India, | 

though it would chiefly deal with what is not known but much of which 
can be very easily found out. The insects are discussed under families and 
in nearly all cases a typical life history is given as an example. The illus- 
trations are largely colour photographs of the actual pinned insects, and 
embrace a very large number of species. .Little mention is made of 
economic insects and the book is simply a very readable and accurate natural 
history of insects, suited to students and those who have some knowledge 
of classification. The volume should stand with Sharp in every public 
library in India and, with (Jomstock also, in every Agricultural College 
where entomology is taught.— (H, M-L.) 

■ ■ ■ ■ ■ ■■ 

4. Handbook of J)ESTKucTivifi Insects of Victoria. By C. French. 

Parts 1 to III. 1891-1900. Published by Authority. B, S. Brain^ 

Melbourne. Price each, 2^. 6(L 

At a time when economic entomology had scarcely been co?nmenced in 
India', the Government Entomologist of Victoria was publishing the first part 
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of this -work, dealing simply and thoroughly with the pests of Victoria and the 
means to be adopted for checking them. The principal part of each volume 
consists of a detailed description of a variety of pests, illustrated by admir- 
able coloured plates. In all, over fifty pests have been discussed, and there 
are sections dealing with quarantine, fumigation, spraying and the like ; insec- 
tivorous birds are also discussed. Few of the insects mentioned occur in this 
country, but the life histories are in all cases valuable knowledge, and the 
methods of treatment, though not suitable to the circumstances of the 
ryot, are examples of the methods developed in modern agriculture. The 
volumes illustrate what can be done by a worker almost single-handed in 
a large country with the co-operation of skilled and keen farmers, and 
we hope shortly to see a further issue of the author’s investigations. — 
(H. M-L.) 

He ^ 

5. Insect Life. By 0. V. Riley and L. 0. Howakd. Washington, 

TJ. S. A. Vols. I-VII. (all publislied), 1888-1895. 

This periodical was for seven years the official publication of the Ento- 
mological Division of the United States Department of Agriculture, and was 
replaced by the Bulletins now issued by the Division. The periodical was 
devoted mainly to economic entomology and contains a vast mass of inform- 
ation on the insect pests of the United States and, to some extent, of the 
whole globe. No periodical before or since has maintained so high a stand- 
ard or dealt so ably with all phases of economic entomology. As a guide to 
the pests of the United States, and as a general dictionary of matters relating 
to economic entomology these seven volumes, if a little out-of-date, are still 
unique. The general index at the end of Volume VII gives ready reference 
to the whole contents. The articles are extremely readable and interesting, 
and the student will find accounts of the work of the masters of economic 
entomology who contributed to these pages. The volumes are hard to get but 
should be in tbe libraries of Agricultural Oolleges where entomology is 
taught. — (H. M-L.) 

* ■ . . 

6. Tee Cockroach, an Introduction to the Study of Insi<!cts. By 

L. C. Miall and a. Denny, A. Jieeve ^ Co.^ London^ 1886. 

The cockroach is here selected as a type of insect and the authors discuss 
its natural history, anatomy, reproduction, development and geological his- 
tory, The resulfc is a very thorough account of this world-wide insect, and 
the book is an excellent introduction to the detailed study of individual 
fispecies of insects in all th^ir phases, For th§ student it is an excellent model 
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of what should be aimed at in the study of insects, the detailed study of indi« 
vidual species of insects being a great desideratum at the present time. We 
commend this little book as a model to all would-be students and investiga- 
tors, for whom it was originally written, and also to any who have a general 
knowledge of insect life but are ignorant as to how they may investigate an 
insect and add to our scanty knowledge of Indian entomology. When 
entomology is taught in India, we may hope to see its results in the shape of 
readable monographs on our common insects. — (H. M-L.) 

7. The Colours of Animals. By E. B. Boulton. Kegan Paul, Trench, 
Truhner 4* Go., Ltd. Second Edition, London, 1890. Price bs. 

In this volume Professor Poulton discusses the meaning and use of colour 
in animals, a subject he has made peculiarly his own and on which he is the 
foremost living authority. Though written in 1889, the book is still a stand- 
ard one. The meaning and use of colour has engaged the attention of 
naturalists from the time of Darwin onwards. It was Wallace who suggested 
“ warning colouration ’ as an explanation of the curiously vivid colouration 
of a caterpillar found by Bates in South America ; it was Bates himself 
who found the form of mimicry named after himself, and since then Muller- 
ian mimicry has been applied to the common possession by large numbers of 
insects of a simple scheme of warning colour. Since then Poulton has made 
great advances ; he has shown how these hypothetical explanations are actual 
facts and has demonstrated that these schemes of colour are a vital factor 
in the daily lives of insects, and not an adaptation worked out ages ago and 
still maintained unchanged through the laws of heredity. The volume is 
one to be read and then thought over in the field. The colouring of most 
insects has still no meaning for us, but it is not hard to find many insects 
whose colouring is evidently cryptic or warning, offensive or defensive. 
Perhaps in tropical India this is easier than elsewhere, and the student of 
Indian insect life will find many applications of the principles laid down by 
Professor Poulton in these pages. — (H, M-L.) 

■ ■ ^ 

* * 

8. The Natoral History of Aquatic Insects. By L, 0. Miall. Ilac - 
millmi ^ Co., London^ 1903. 

A little volume devoted to the habits and customs of the insect world 
that lives in ponds and streams, written by a master in the study of the liv- 
ing organism, with a view to interesting students in nature. There is no 
more fascinating branch of entomology than the study of those organisms 
which live in water, who have adapted themselves to totally new surroundings 
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and who exhibit snob a wealth of devices whereby to secure the necessary 
modicnoi of air tor daily life. The water beetle, the whirligig, the water 
tiger, the boatman, the pondskater, the caddis worm, these and inimmer- 
abie other fascinating beasts ” live again in these pages and renew the 
thrills with w'hieh one watched them in the streams and ponds of onr yonth. 
Many of these insects can he found in this country, and sve should commend 
them to the student anxious to probe the mysteries of nature ; a net of coarse 
cloth, a pocket lens, a few shallow open pots and this little volume form the 
sole outfit required with which to investigate the fauna of any tank or stream. 
Any one with a love of nature will find abundant delight in watching the 
‘djeasts’’ when they have come up from the muddy depths, and Professor Miall 
is an admirable guide in these delightful excursions into nature. — (H. M~L.) 


Locusts in Usambara. By Professor Dr. Vosseler. Beriahfe }d.>er 

Land vncl Forstioirtschaft in Be^itaeh-Osfa/rika. Vol. JI, No. 6. 

In this report, Dr. Vosseler gives an account of his observations on the 
familiar locust of Northern India (Acridium peregrimim 01.). A large 
amount of literature about this locust already exists, but Dr. Vosseler’s ac- 
count is of great interest, and though not in any way exhaustive, throws new 
light upon some obscure points in the life of this insect. The locusPs habits 
in German East Africa are in general similar to what has been observed in 
India. The peculiar change of colour from purple red to yellow is stated by 
Dr. Vosseler to be entirely associated with the development of the reproduc- 
tive system ; the yellow colour is an indication that the ovaries are ripe and 
that egg-laying will shortly take place. The periods of the life history are : 
eggs, 16 to 18 days ; development of hoppers, 50 days ; sexual development of 
locusts, 16 to 20 daj’s. About three months are required from the date of 
egg-laying to the time the insect is ready to lay eggs. The hopper passes 
through five stages, having five moults to undergo. In discussing measures 
of protection and destruction, Dr, Vosseler concludes that the hoppers in the 
first two stages are most easily destroyed and that this is the time when the 
most valuable work can be done. He was unable to test the destruction 
ot egg masses, as none were found in very large quantities. The method 
adopted of destroying hoppers in the first two stages ( within twelve days 
of hatching) was watering or spraying with a three per cent solution of hard 
soap. Ihis is a somewhat surprising method and it will be worth testing it 
in India when the oppox'tunity arises. Dr. Vosseler also recommends the 
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Agiiinsfc t.he flying loousfcs no methods were o£ avail ; the Natal iirsenio solu- 
tion was tested but was destroyed in heavy rain. The fiiiigiis used in the 
(lape was tested, but in the opinion of Di% Vosseler is too slow to be practieuL 
No method is recommended for destroying flying locusts, and the only pre- 
caution is to make noises or to worry the locusts so that they do not settle but 
fly on. The report is well illustrated and contains much that is new and of 
interest. — (H, M-L.) 


Note on Irrigation by pumping from a well at Melrosapuram. 

By Alfred OiTATTERTON. (JhflL iVo, 54, Department of Apnndf are, 

Madras,) 

In this Bulletin Mr. (hatterton gives the details of the amount of water 
raised from a well near (Ihingleput (Madras) by means of a centrifugal pump 
driven by an oil-engine. The subject is of much economic interest, because 
it is certain that if mechanical power can be applied to wells in India, the 
advantage over present methods will be very great. This account refers to 
the operations during 1903 to 1905 and shows the quantity of water raised 
per hour, the rate at which water percolates into the well, the cost per hour 
while pumping and the area irrigated. All persons interested in raising winter 
from wells should study the figures given in this Bullet hi, — (J. W. L.) 
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on the iiniinjil, and the value of the farm manure obtained. The several 
chapters thus form a connected whole, and yet are so self-contained as to 
enable the reader to comprehend from each of them the subject with which it 
specially deals. 

Mr. Hall tells us in the preface that he has written the book for three 
classes of readers, namely, the landowner or farmer, the agricultural student, 
and the teacher and expert. There can be no doubt that in Europe and 
America the book will be highly appreciated by all these several groups of 
persons. To those agriculturists in India who read English we may also con- 
fidently recommend Jt ; the style is excellent for the end in view, the type is 
large, and the illustrations, tliagrams and statements of results leave little to 
be desired. ~~(J. W. L.) 
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a good deal of work of a purely experimental nature, 
bound to fail owing to want of proper equipment for 
ciently. New methods of cultivation, 
liardly be recommended until there is a 
the district. Whilst it 


much of which is almost 
carrying it through effi- 
new crops and new implements should 
Tong probability of their suitability to 
may be possible to carry out simple experiments on a 
co-operative system by the agency of Associations, the safe broad line of 
distinction might be more clearly adhered to, under which experimental work 
is the province ot the Department of Agriculture, and demonstration work 
for the introduction of proved results the natural sphere of operations of the 
Associations. The appeal to the zamindars of Bengal to devote their 
energies to the cultivation of cotton is one which we hope will fall upon deaf 
ears. In the past century there have been many experiments devoted to 
the improvement of cotton in Bengal, all of which have ended in failure. 
All past work tends to disprove the statement that the soil and climate are 
favourable to the cultivation of fine staple cotton. Recent trials by the 
Department of Agriculture point to the same conclusion. The superiority 
of Bombay cotton is certainly not alone due to superior methods of 
cultivation, and we believe that climatic conditions will always prevent 
Bengal from competing with her Western sister in cotton cultivation. — 
(F.G, S.) 





HAIRY CATERPILLAR PESTS OF CROPS 


By H. M AXWELL-LEPROY, m.a,, p.z.s., f.e.s., 
Imqy^rial Entomologist^ Agrieultnral Researek Pnsa 


Amongst the many injurious insects in India, one small group may clearlj 
be distinguished both in appearance, habits and destructive effects upon 
These insects are familiar to cultivators in their immature but destructive sta 
when, as hairy caterpillars, they appear in vast swarms and ravage w 
green crops may be on the ground. These swarms of caterpillars are a very 
distinct feature in some tracts, appearing at definite seasons, lasting for short 
periods only, and re-appearing after some weeks’ interval. So much 
cultivator sees and knows, but this caterpillar stage is the only one of 
the insect’s life familiar to him. When the caterpillars have eaten their fill 
of the crops, they disappear naturally, but unfortunately they are not, as won 
appear, dead or devoured by birds. They re-appear in their final stage of life 
as moths. In this stage they are not generally familiar, certainly not to the 
cultivator and perhaps only to the few who may happen to know something of 
the natural history of the insect. Yet as moths, they are very easily and 
distinctly recognisable, and their appearance in the field or at a lamp by night 
is a valuable indication of the probable occurrence of the pest in its destructive 
form during the following few weeks. 

The life of the insect from stage to stage is best illustrated by the entries 
on the cage slip of the Pusa Inseetary referring to the “ Orange Sanii Moth” 
(Plate XY, Figs. I and 2). The entry is as follows : — , . 

4th August : Eggs laid by moth on the leaves of .sann hemp 
ywzeet*), in a breeding cage. 


8th August : 


Eggs hatched. 
Caterpillar 


„ 16 mm. ( 

„ 25 ram. 

Pupation commenced. 
Moths eraei'ged. 


(tV in*) long, 
(f in.) long. 
(I in.) long. 
(1 in.) long. 
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6tli September ; Moths laid eggs. 

8th „ Eggs hatched. 

19th „ Caterpillars full grown, 

21st ’I Pupation commenced. 

28th „ Moths emerged. 

Here we hive two complete life cycles in less than two months At 
1 ' 1 U Anoust 21st and September 17th, the cultivator would see 

T etno alll again at two other periods, August 4th-8th 

“ ri’ T her ]st-6th he would perhaps see moths ; if he connected the two 
lliron seeing J mot^s, anticipate the ne.t brood of oater- 

If I wish to bring forward, the recogni- 

K „ of sclle :ro u cimoner insects in the perfect condition, that rs as 
T wheTthey^^^^^ lay eggs. This group (hairy caterpdlars)_ is 

TelU example of the value of recognising the perfect insect as an m 
V ’ u ' of -inDroachincr pests, because the moths are extremely characteustic 
irappL-ance and are found either flying in the fields by day or round ig ts 

instance also of the value of this means of anticipating pests _.^y 
be oiven in the method adopted of checking the Behai^haiiy ca eipi m. 
Durino- 1904, this caterpillar ravaged certain crops on the 1 usa Expenmen a 
Lm which was then being brought into cultivation ; appearing- in gre.fl 
numbers they devoured certain favourite crops and at several peiioc » weie 
r»i»; — to port of tbe coUivotioo. All tWt could b. do„. .t 
that time was to rear the caterpillars to moths and determine their iden ity. 
In the following year the first moths were seen in March ; a search toi them 
was made in the crops, and their eggs were first found and destroyed about 
the 20th of that month. They re-appeared in May, were again searc ec 
for on crops and many eggs found and destroyed. ihe next bioot 
was expected on June the 22nd but did not appear ; no caterpillars were 
found, and the absence of the brood was attributed to the uniisua 
lateness of tbe rains. The rains finally broke about July the 22nd, when 
moths were again seen ; their eggs were collected in the fields trom July 
tbe 26th to August the 1st. Another and final brood was seen on hep- 
tember the 11th, and a small number of eggs was discovered and destroyed. 
Throughout the season nothing else was done. When the moths were seen at 
lights or sitting on walls, a watch was kept for eggs laid m the fields, and 
wLn these were discovered, both the eggs and young caterpillars were destroy- 
ed. A common labiate weed, as well as the sann hemp, til (sesamuin), sun- 
flower and groundnut crops, were examined for eggs. At a very small cost 
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ioY labour and supervision, ike farm was. kept clear of an injurious pest that 
would otherwise have done great harm, or necessitated ■ laborious spraying 
^operations. 

This case was an exceptionally valuable one, as the broods re-appesired 
%several times and the value of the method was coneliisivelj shown. In otlan* 
species there are fewer broods, and an outbreak may be anticipated only twice 
‘during the rains. There is also the further consideration that, if the lirsr 
batches of eggs are secured, the pest lias not time to breed several tir]ie< in 
.succession, and become very numerous during that year. 

In almost all cases of large caterpillar outbreaks, the fact that the moth- 
are seen beforehand is a valuable indication, but it is naturally impossible for 
the untrained mind to recognise more than a few very characteristic insects. 
It is for this reason that I figure the moths of these liairy caterpillars, winch 
are most characteristic, which usually attack definite crops, and which appear 
near lights or in the fields at fairly regular seasons. The essential and vital 
fact is to foresee the attack of caterpillars, if possible, and to destroy the <‘ggs 
•or young caterpillars before the latter are large enough to wander. Fur this 
-reason the recognition of the moths of these cater[nllars is of great in![}ort- 
■anee, for there is no other easy method by which such swarms can be suceess- 
iully checked. The moths of the common species arc figured in Plate XV, 
and the representations give so aecurate an idea of the insects that there 
'Should be little difficulty in identifying them. 

The “ Orange Sana Moth” ^ (Figs. 1 and 2) lays its eggs on sane hemp 
and wild Crotalaria. It is common in the plains, widel}^ scattered, and attacks 
Ihis crop during the rains. Depending on the supply of food, there may be 
five broods in the year, but there are usually about three. The inotli is likely 
io be seen at any time in the rains ; it is not attracted to lights, but is 
very easily discovered in the fields, as it flutters about among the sann 
hemp plants. 3^he eggs and young caterpillars are found in clusters on the 
leaves and should he picked off and burnt. 

The Crimson Saiiu Moth (Fig®* d and I) is a rarer insect, but 
behaves similarly to the Orange species and has been found to be e<|iai,lly 
destructive when abundant. The ‘‘lied S])otted Ermine (Figs. 

5 and 6) is another very distinct species common in the plains, also attacking 
sann hemp. It flutters about in the daytime and the moths are readily 
seen and recognised. Like the Orange Sann Moth, its eggs or caterpillars 
should be looked for when the motli.s are seen in the fields. The “ Diacrisia 
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Motli-’* (Figs. 7 nnd 8 )is eoinnion in Beliar. Ondh and in some localrcies 
near the hills, and is possibly a hill species that spreads into the neighbouring 
pLains. It is Neiy abundant in Behar, attacking sunflower and legRinmous 
plants, and also ravaging cotton and various crops if other food ai s. e 
moth is attracted to lights or may be seen sitting on walls, and in favourable 
Tears there may be as many as six broods in the year. , , 

The “ Red-banded Amsacta”t (Fig- 9) is found widely but less abundant- 
ly distributed over India. It appears to be very abundant only at long 

intervals, and specially attacks, groundnut crops. _ The moth is like the 
following one but is distinguished from it by its red abdomen. e 
« Orange-banded Amsacta (Fig. 10) is a larger insect, also attracted by 
lights, or, if disturbed, found flying in the fields. It has a wide distribution 
and attacks sweet potato, sunflower, rice, sesamum and sorghum. Its 
development is slower, and there is a smaller number of broods m the 
year. Like others it may be looked for first in the early rams, but as it 
eats wild food-plants, it may not be found in the crops unless exceptiona y 

A commoner insect is the “ Black-streaked Creatonotus § (Fig. 11),. a 
moth which is easily recognised by the interrupted black streak in the fore- 
win o- which is not so white as in others. The moth comes to lights and may 
be seen in abundance. So far as is at present known, it is the only common 
moth of this kind which is harmless, and if seen, no outbreak of caterpillars 
on crops need be expected. It will probably be found to attack crops in time 
of stress, but is not one of the major important insect pests. Finally there is 
the little’ “Black-lined Amsacta’Ml a smaller insect with pinkish fore-wmg 
having/ a narrow, black line. With the orange-banded species, this appears 
in the^rains ; its caterpillar is familiar in Baroda and Gujarat as “Alatm • 
and occurs generally over India. This is one of the many caterpillars- 
that attack indigo, and in a bad year many other crops suffer from its- 

'rhe above eight insects comprise the known injurions species anc , 
thoimh others will be found, these are the only ones of genm-al importance in 
India! We may add that the term “hairy caterpillar is ^ 

onlv to caterpillars eating crops. It does not here me lit e e i.my 
cate!-pillars (c.p., the “ Au.,nW/-.Pooc/J ” of Mysore) found on trees nor the 
many hairy caterpillars found in jungle or torest land. 


* J)\(icrhUi obliqiia. WUc. 
t Ainmcta woorn. Bufcl. 
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riiese moths lay eggs in the same characteristic niann^ 

many as efty, sixty or even a hundred, in a cluster on the 
leaf of the food-plant ; such clusters are irregular, and look 
poppy seed had been put on the leaf and then stuck to it, 
over it of short hairs. The moth lays several such clusters ; 
banded Ainsacta laid nearly six hundred eggs in the insec 
being counted when these eggs hatched. The egg clusters ii 
side of the leaf as a rule ; it is not difficult to find them if or 
the field when moths are seen ; and if all are not seen, the 
easily obtained when they hatch. 

The little caterpillars batch out together and feed first 
are on and those close by. One then sees a nlant of wl 
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Orange Sanii Moth as seen Hying in the fiehl, 
v ,, as seen resting on a plant 
Crimson Sann Moth as seen flying. 

ji M -5 as seen resting. 
Red-spotted Ermine Moth as seen flying, 

5) !j ,, !? as seen resting, 

Diacrisia Moth as seen flying. 

V j- as seen resting. 

Bed-handed Amsacta as seen flying. 
Orange-bantled Amsacta as seen flying. 

Black -streaked Creatonotns as seen flying. 
Black-liued Amsacta as seen flying. 
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destruction has been a cause of keen speculation to niany. ; 

The earliest attempts to produce flax in India appear to have been made- ; 

at the beginning of last century by Roxburgh, in a Hemp Farm established 
by the East India Company in the neighbourhood of Calcutta. His- 
experiments were confined to the Indian linseed plant, and though samples j 

were prepared and sent to England, no definite conclusioms are recorded as- • 

to whether the trials were a success or not. 

In the year, 1839 the matter was taken up more seriously, and a 
Company was formed, having as its object the growth of flax in India. 

Ricra and Dutch seed was imported, as it was thought probable that the 
Indian pliant, which had for centuries been grown for the production ot 
seed only, was not as good for flax production as the Russian and Dutch 
varieties^ grown in those countries principially for fibre. The subject was- 
warmly taken up, and extensive experiments were carried out, principally 
in Bengal. Samjiles of fibre wmre valued in England at £30 to £-15 per 
ton, and a very favourable view was taken of the probabilities of a pirofitable 
enterprise. The Agricultural Society of India, as the result of a retpiest 
from Government in 1841, submitted a report of these results, and we find 
the Revenue Secretary to the Indian Government w-riting to them on the- 
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2 2 fid November 1841, that, “ the cultivation of jflax can no longer be 
considered a doubtful experiment, since it appears from your report to have 
been found ill many instances successful, and where successful, to be 
very fairly profitable* His Lordship in Council is, therefore, much incflined 
to doubt whether any bounty or reward from Government is' necessary 
or would be justifiable,” Notwithstanding these favourable results, the 
Company did not continue the experiments, and the infei*ence to be drawn 
is that the refusal of the aid, for which they applied to Government, forbade 
their risking any more in the venture. Indeed we find Mr. Wallace, who 
conducted trials for three years, stating in 1841 that the speculation must be 
abandoned unless the Government gave some encouragement. 

Ill 1856 and following yeitrs, the subject was again revived, and we find 
experiments started in the Punjab, N.-W. P, and other parts of India with 
both indigenous and imported .Dutch and Riga seed. In a letter addressed by 
the Personal Assistant of the Financial Commissioner to the Government of 
the Punjab, dated the 20th July, 1859, the results of the experiments in the 
Punjab are stated. The price realised in England for the fibre varied 
from £35 to £45 per ton, and the results are described as being ‘‘most 
encouraging and gratifying.” “ It has now been experimentally proved that 
flax grown from country seed in the Punjab can command a first class 
price in the European markets, leaving a large margin to cover cost of 
transport, &c., and for profit. The questiou may, therefore, be said to have 
})assed from the stage of speculation and surmise to that of fact.” 

Reports of Dr. Jameson, SuperintendeBt of the Saharaiipur Botanical 
Gardens, written in the year 1859, give the following information. The 
height of the plant was 3^ to 4-| feet. The yield of seed per acre was 7 
maunds, and the yield of fibre per acre was 4 maunds. The proportion of 
fibre to straw was 25%. He says in the reports referred to, “ I found that 
flax might not only be made an excellent paying crop from the seeds alone, 
blit that the stem or shove, if propeidy scutched, would be admirably fitted 
for the Home market, but before this can be brought about, it would be 
absolutely necessary to import good Instructors from Europe. 

A Committee composed of members of the Agricultural Society of India 
was appointed for the purpose of investigating the question of “ the cultivation 
and manufacture of flax in India.” x\fter reviewing the past and present 
history of the subject, they stated that the work in order, “ to afford any hope 

of success must in the first instance be carried on under European 

supervision, as the raising of the plant for fibre is unknown to the natives, 
and the manipulation requires much nicety and judgment. They indicated 
what aids they considered were necessary, and recommended the “engagement 
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for one, two, or three years, of persons who are well acquainted with the 
mode of cultivating and preparing flai. after the most recent improved 
methods.” On the 8th March 1860, we find the Secretary to the Govern- 
ment of the N. W. P. addressing the Secretary to the Government of India, to 
the following effect : “ It appears that not only can an excellent paying crop 

be obtained from the seeds alone, but that the fibre prepared under proper 
mana^rement would be admirably fitted for the home market. This is found 
to be the case not only by the results of Dr. Jameson’s experiment, but also 
bv the results of those conducted on a larger scale m the Punjab— the flax 
which was there produced having been declared by competent home 
authorities to be even superior to the Eussian flax.” The letter goes oii to 
say that “instruction from Europe is indispensably necessary before native 
cultivators will be able to carry out the somewhat difficult processes described 
by Dr. Jameson,” and suggests “ for the consideration of His Excellency the 
Viceroy that ........ measures be authorised for the engagement 

of a couple of competent European Instructors, and the importation of Ae 
necessary machinery and seed.” To this, the Government of India replied 
in a letter, dated the 3rd October 1860, that “ the experience of success 
gained in the Punjab should ...... be sufficient to stimulate private enterprise 

to seek a field for its operations,” and that as the practicability of cultivating 
flax for the English market at a good profit had been cleaidy established 
in the Punjab, which could now be left to its own progress unaided, it did not 
appear that the assistance of instructors was required in the N.-l\ . P. ine 
Government, however, offered assistance in various other^ ways, such as 
the dissemination of literature on flax, aid in the importation ot seed ami 
machinery by passing it duty free, rewards and prizes for the^ production of 
the best flax, and the loan of the services of Belfast men Iroiii European 
regiments who were acquainted with the art of flax manufacture. Ihese 
offers were evidently not considered to afford sufficient help, and the subject 

lapsed once more into oblivion. 

1 have been careful to quote at some length from the reports and corre- 
spondence on past trials, because it is generally assumed in the present day 
that, experiments having been so repeatedly made and no practical results 
bavin o emanated from them, the growth and manufacture ot flax in India 
has never been and is never likely to he a success. The object ot this article 
is to show on the contrary that there is no warrant for such a comrliisioii 
and that past efforts so far as they went pointed to success. In other words 
it would appear most probable that flax can be properly grown and manufac- 
tured in India, and that if the Government in 1860 hud provided European 
Instructors and aided the birth of the undertaking one step lurtlier than 
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they did, the country would in all probability have possessed an industry 
at the present day not in any way inferior to that of Jute. 

I propose now to consider the experiments which are at present beinor 
conducted in Behar. The decline of the Indigo industry, owino- to the 
appearance in 1897 of the synthetic dye, has stimulated the planting 
community in Behar to seek new fields for their enterprise and capital 
Among the new endeavours is the culture of flax. At present only two 
places have taken the matter up, namely, the Dooriah Indigo Concern in 
the district of Muzufferpore, of which Sir Lewis Hay, Bart., and others are 
proprietors, and the Rajpur Indigo Concern in the district of Chumparan 
owned by Mr. E. Hamilton Hudson and others. The Rajpur Concern has 
only recently sown down a limited area, the results from which have not yet 
been ascertained, so that the only useful information at hand is that obtained 
from the working of the experiments in the Dooriah Concern. The writer 
paid a visit to this concern in May last and collected what information was 
then available, and has since received from the Manager, Mr. J. Cameron 
further particulars up to date. ’ 

The Dooriah Concern has been experimenting in flax for the past four 
years. Over 100 acres are under cultivation, and they have erected scutch- 
ing machinery, which turns out 250 lbs. of prepared fibre per day. With 
skilled workmen it would probably turn out three times that amount. The 
cost of inachinery is comparatively small, that required for all the processes 
of ‘ breaking ’ ‘ scutching ’ and the like being about Rs. 2,000. The process 
of manufacture is as follows .—The plant is cut down when nearly ripe 
and “rippled ” for seed. The stalks are then either retted green, or dried 
and stacked, and afterwards retted at leisure. The Russian aLd Irish 
methods of retting are considered unsuitable for India. Of other methods 
the retting of the dried straw as practised in the River Lys in Belgium’ 
where^ the finest flax has been produced for years, is considered the”best’ 
us it facilitates the work by extending it over a longer portion of the year 
when other work is slack. This process is worked by packing the dried 
stalks in crates lined with cloth, so as to secure filtration of the water, 
and then letting at leii.st twice in running water. Great care and judgment 
is required to regulate the retting in order to secure the highest percmitao-e 
of clean, long fibre. The vats, available at every indigo factory, 
can also be utilized to work the improved process known as the “Beero-hem ” 
retting system, which has great advantages over other methods. Under this 
system, in which the dried stalks can also be worked, the retting process is 
completely under control in a series of vats in which the conditions can be 
regulated, thereby ensuring uniformity of production. The folio win cr 
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detailed description by an indigo planter o 

interest : — ; 

“ I have begun my holiday well, as you w 
that I have spent yesterday in studying a new 
me to offer great advantages and is likely to be a success, 
ideas of a practical raecbanic, a Mr. Legrand of (Lille) Antwerp, 
I could not catch, but whose family from father 
engaged in steeping and retting flax in the River Ly,, 
also employed in flax spinning. 

I was allowed to see the whole 
Indian flax-growing, as the patentees ^ 
very advantageous for India, their idea beiir 
districts where flax suitable for fibre purposes 

“ Their contention is that tliey can produce 
in the Li s mid at wnich less cost, the Lys process lieing 
handling*, etc., and liable to be interrupted from the 
flax is at present being treated in tlie I-ys, wliich t.s t( 


ill I think agree with me, when I tell you* 
process of flax retting which seems to 

It is the outcome of the 
- , and a man whose name- 
to son have been for generations 
and who has, I understaiKl, been 


on in eoiise(j[uence of ray connection with 
the conclusion that this process might be 
ig that their process will be set up in 
can be grown. 

fibre tpiite equal to theCourtrai steeped* 

aniount of 
instance nO' 
cl now and 


ion consists of a range of light brick buildings, the central featuie o 
1 containing or rather consisting of a long tank divided into five 
a factory along the side. Over tiiese tanks is a sort of travelling- 
ink, next the door, the proce.ss begins. The tank is tilled with water 
iken from the ‘burn,’ and first of all passed through a filtering pit 
imped into the tanks by a system of connecting i*ipe«, by an engine- 
power for the whole installation. The water in No. 1 tank i.s heated 

f 30 31 degrees centigrade (86—88 degrees Faluenhoit) and into this 

3 and has no chemicals whatever, the flax, which is luit up in small sheaves 
!S standing on its end, is placed or plunged until it is quite submerged 
jy a very simple arrangement. Each tank holds three of these crates 
tes are lifted from the trolley by the travelling crane and dropped 
1 the first tank, the flax remains for one clay, during vvhieli. however, 
rate by the travelling crane and held over the tank a few niinute.s to 
drip through the sheaves, two or three time* in the day and then 
s tank so that the water rises right through the sheaves, so that you. 
iw gets the full benefit and the steeping is pretty even all through 
You see the gums rising in a scum to the surface of the tank and the 
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stencil IS iiornble. Alter a day in N'o. 1 tank, the crates are lifted into No. 2, and 
remain there, with these occasional liftings, until the retting process is completed. This 
takes from days with poor straw up to 3^ to 4 days oiaszWe for heavy good straw. 
The proce.ss has to be watched narrowly, in fact day and night, and the flax lifted from 
the steep just at the right time, when the pi’ocess of retting is complete ; but two men 
are all that are necessary to handle the flax from the tank.s. Tdken from the tanks, the 
ci‘ates are put on trolleys and stand for a day or a couple of days to harden, after 
w'hieU the trolleys are run out on a light line of rails to a meadow, where the flax is 
taken out of the crate.s, the bundles opened, and the flax is set up in big handfuls on 
end, three or four of the handfuls being twisted together at the crop end to make 
them stand, and here it is left to dry and further harden for such a time as is con- 
sidered necessary, depending very much 0 !i the character of- the straw, and lasting 3 
to 7 days, after wdiich it is ready to be broken and scutched. 

“To break it, it is pas.sed through quite a small machine with fluted rollers and then 


“ I l>elieve, it is the very thing for Behar; and as the indigo planters have already 

their indigo vats, I daresay these could be utiRsed for the steeping tanks without any 

great ex|>enditure of money. The installation «at Beerghemhas cost about £2 400 but 
a good deal has been wasted, as it was entirely experimental, which would be saved in 
putting down a new place now after experience has been gained.” 

As regards the cultivation of the plant: there is no doubt that some of 
the lands in Behar are adinirablj suited to the growth of flax. In well- 
selected land a crop grown from imported seed ' attains an average heio-ht 
of 8 feet. The amount of seed sow« per' acre is 2 maunds (160 lbs.) 
but it is considered better by some to sow'two and a half maunds- (200 lbs.). 
Sowing thickly on strong land is said to produce a -higher percentage of fibre 
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for -i number of thin stems having the weight of one thick one will have a 
greater surface and consequently more fibre. The land requires carehi 
Lparation. It should be ploughed to a depth of ten to twelve inches, and 
then carefully worked so as to secure a firm seed bed and a fine surface, 
'careful broadcast sowing by hand produces a more uniform thick crop than 
^owino- in drills. Some of the best foreign varieties of seed are under trial 
at the Pusa Experimental Station. It has yet to be ascertained whether 
the seed will maintain its quality with acclimatization or whether it will be 

necessary to import fresh seed at regular intervals. It is well known that 

linseed cannot be grown continuously on the same land, which becomes 
“flax-sick.” In Belgium, the rotation is as long as a five or seven years 

If arown in this way, experience shows that there is as much fibre in 
the nlanrcn-own in India as at home, namely, about 20 per cent, of dried straw. 
• The aver^cre yield of retted and dried straw at Dooriah from sowing at the 
rate of 2 inaunds of seed, was 40 niaunds per acre, and the percentage 
of fibre obtained from the straw was 15 per cent, or 6 mannds of fibre per acre. 
•This should have given maiinds good fibre and li maund of tow, that 
•is to say the proportion of good fibre to tow should have been as 3 to 1. 
but in point of fact it was only half good fibre and half tow. This (lefect 
was due to a want of skilfnlness in manufacture. This point has an impor- 
■ taut bearing on the whole question, for the total money value ot the yielil 
depends very greatly upon skilful maiiufiieture in order to create a good 
quality of flax with a low proportion of tow. The flax from the first years 
. experiments fetched £30 a ton, the second year £35, mid this year it is 
. expected to fetch £40 a ton owing to its better ipyality. ^ The price ot 
. tow was about £10 a ton. The cost of production including cultivation, 

. seed, manufacture, sliipfiing, insurance, and other outlay expenditure, amounts 
to Its. 62 per acre.'- Taking the 6 maunds of fibre to have .sold at .t2;> a 
. ton including tow, equal to say Rs. 13 per maund, we have a gross return 
. of Rs. 78 per acre and a profit of Rs. IG. 

This figure would appear to justify a contiiinat.ioii ot the experiments 
and a moderate increase in the area under cultivation. Indeed ilr. (. mneron, 
the manager, has stated that the experiments have paid almost from 
-the bemnning. It is, however, to be observed that the process or flax 
manufacture is a difficult one, involving a large amount of expert know- 
ledge. It is evident from what was to be seen at Doonah ami froni the 
fio-iires supplied by the manager that the reason for .sucly a low profit^ as 
Rs. 16 per acre is want of skilful manufacture. The question ot cultivation 
.can well be left to the planter and the native cnltivatons, for it has been 
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foiiiid that the plant can be grown satisfactorily. But the process of 
manufacture, that is to say the retting, the ‘ breaking ’ and ‘ sciitchino- ’ the 
assortinenfc and packing for the market, cannot be performed propeldy by 
unskilled labour, and the difference between success or failure lies almost 
entirely in these operations. It is as cheap to manufacture well as badly, 
blit the difference in the value of the results is very great. Badly made fibre 
will fetch only £25 to £30 a ton ; well made fibre from £50 to £60. At 
the latter price the profit of Rs. 16 per acre would become Es. 70 to Rs. 80; 
reckoning 4| maunds of good q^^ality fibre out of the 6 maunds per acre. 

Re\ie\\ing the lesiilts of these experiments and those of the past 100 
years, at what conclusion are we able to arrive ? It would seem that fiax 
can be grown and manufactured in India, but in order to make it 
commercial success, the complicated and technical nature of the manufactur- 
ing process should not be left to amateurs, and the employment ofinstruc- 
tors in the maiiiifacture of the fibre is called for. We find the experiments 
of to-day giving as great a promise as those of the past hundred years ; we 
find too in 1859 that Dr. Jameson, who so successfully carried on bis 
experiments in the N.-W. R, wrote as follows All that is required to 
market a useful crop in India are some good Instructors to show how the 
fibre is to be prepared and fitted for tbe market, and good seed and machinery. 
To encourage flax cultivation in Ireland, the Home Government annually 
allow the Royal Flax Society Rs. 10,000, and by this society upwards of 
£10,000 has been spent in twelve years in salaries to instructors, &c. If 
therefore, the cultivators and preparers of flax in Ireland, where all the finest 
kinds of machinery are available, require instructors, how much more so is 
it necessary that means be adopted by the Indian Government to procure 
some expert Europeans from Europe to teach natives how to prepare fibre. 
Until this is done, it is in my opinion a useless waste of money to attempt to 

carry on the process with success but the experiment which was 

then going on so successfully, has been relinquished at the very time when it 
ought to have been prosecuted with renewed vigoh^ir.” 

History is again repeating itself in regard to the first portion of this ■ 
statement. It would seem that the results of all these experiments, if they 
do not call for large undertakings, certainly engender the belief that the 
culture of flax in India would be a success if only instructors were on the 
spot to teach the skilful handling of the fibre, which seems to be the most 
important of all the conditions of success, and yet appears never to have been 
attempted on a reasonable scale. It should be observed also that the prospects 
of success now are greater than they were in those days. The demand for 
fibre all over the world has increased enormously, and the prices of to-dav are 
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THE BENEFITS OF SHEEP DIPPING, 
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During some twelve months’ hiboratory work in India, the enormous 
^amount and serious nature of external parasitic disease amongst cattle and 
■sheep have been veiy forcibly thrust upon me. I propose to give a short 
•account of these affections as I have seen them, not from a professional and 
•scientific point of view, which would be out of place in a journal of this 
nature, but from an industrial as}>ect in their relationship to agriculture. 

I have found in tlie specimens of wool from sheep examined by me 
■almost every known parasite that affects the skin of this animal. The com- 
monest are, of course, the many varieties of ticks. There is the common red 
tick of the family IvocU.dw, its species being found in dogs, horses, cattle and 
other animals. It is characterised by its colour, the presence of a scutum 
(that is a small hard shell of a darker red colour, present on the superior and 
anterior surface), and its habit of remaining upon the one host from its larval 
•stage until its full maturity, when it falls off’ to lay its eggs. It is a species 
•of this tick {Boopldlns Australis)^ which is most common in this country and 
which is the intermediary host of the disease known as Tick Fever, Texas 
Fever, or Red Water. This disease is indigenous in India, and is constantly 
•demonstrated in the blood in the form of piroplasnia, a protozoon organism 
■which attacks and enters tlie red corpuscles, either in the small variety first 
noticed by Lingard and called the B iroplasma Tropica.^ or in the ordinary 
form of Pinmlasma Bigeminifm^ first noticed i?i this country by Raymond. 

Another variety of tick, which has, I believe, not been before recognized 
in tliis country, is one of the species of Argasidm of the family Irodi.dce, 
which is characterised by the absence of the scutum already described. 
They ap[)ear at first sight to be more like a wood louse in size and habit of 
movement, are grey in colour, and do not live permanently on the one host, 
they will fall off’ and hide in a crevice of a wall and attack another 
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<rht. They are more nearly associated with fowls, 
msts of a disease of these birds known as Spirillosis. 
has recently shown that they also convey a spirillum 
ilium is an organism having powers of move- 
1 the blood-stream, but not into the corpuscular 
and death. It is a tick of this class which 
as Ckielien ke himari, now 
ege. The variety and 
■ders are very great, much 
f to know and identify all of 
le transmission of 


I. The spir: 
entrance to 
ever, anremia 

e known in the Punjab 
Lahore Veterinary Coll 
of both the above big or 
■ed before we can expec 

great importance in tlv 
absolutely essential. 

is the presence of lice, the 
Tnchodralitt of the family 
■ed with these parasites, and it 
From some of the cases that I 
;ib1e, the wool and hides being 
presence and the amount of 
lem from their host would be sufficient to induce this result, 
call this disease Jmee, signifying lice. It is supposed to imlnce 
i death, but I have found that the cause of death is CwmUosis 
nnosis which is an altogether different disease, although it is not 
?bflt lice mav have something to do with the miection as an 


is associatea wiiu me 
being investigated at the 
number of species of ticks 
investigation being requir 
them. In view, however, of their 
disease, this knowledge is 

Another common affection of the sheep 
species found by me being Hematophim and 
fediculce. I have seen sheep literally cover 
is said by the natives that they cause death, 
have examined, this would seem to be quite poss: 
lice that the irritation of their 
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most agricultural products of India are invariably lower than those of any 
other country. The prices of hides and wool are very poor as compared 
with Australia and America, and this seems mainly due to the careless 
condition of production in this country. The wool sent out is invariably 
the dirtiest in the market, the hides are badly saved, tick-eaten and inferior. 
All this is due to the indifference manifested in their preparation. As far as 
I can gather such a thing as a sheep dip has never been heard of, the ordi- 
nary precaution of having sheep dipped before the wool “^clip” not even 
being thought of. This may possibly be due to the apathy which is charac- 
teristic of the country, but the want of any standard of excellence as an 
example has also a great deal to do with it. The reasons why India is not a 
much better stock raising country should be carefully considered. In com- 
parison with other stock raising countries, the climatic conditions are not 
greatly worse in India. I have grilled in a tin-roofed hut in Queensland 
where it was necessary to allow 10 — 12 acres for each bullock and 6 — 8 acres 
for each sheep. Years ago I was stock riding in a similar country in the 
U. S. A., Arizona, where the summer heat is as trying as India, and feed 
is at times as scarce. JBut still these places are capable of producing meat, 
hides and wool of the first quality. A great deal of this inferiority of 
Indian products is due to the parasitic affections which are so exceedingly 
common amongst sheep, cattle and buffaloes. It is easy to imagine 
what deleterious effects the presence of these skin affections has 
not only upon the hides and wool, but also upon the animals them- 
selves. The irritation set up inhibits the possibility of good condition, 
and the blood sucked is a serious debilitating loss, rendering the 
animal the more liable to attack by any contagious disease that may be 
prevalent at the time, especially as each bite of a parasitic insect causes a 
wound through which pathogenic organisms may gain admission. 

There may be other factors wdiicli militate against a successful stock 
raising industry, such as the curfailment of grazing areas by the increase of 
cultivation. Such questions have been raised from time to time, but do not 
concern the point to which 1 wish now to draw attention. In fact, cultivation 
may have a beneficial effect on stock raising ; in the Argentine, huge tracts 
of alfalfa (lucerne) are put down for the grazing on most of the cattle and 
sheep runs, and in Zealand artificial grazing of the very best quality 
has been introduced into the previously barren volcanic country by the 
sowing of clover. 

As a means of reducing the ill effects of the above-mentioned parasitic 
affections, a system of clipping and i^egular dipping would appear to 
be indicated, whereby the external parasite would be removed, and some 
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of tlie diseases which they convey would !)e lessened. If only a few 
sheep were saved to each breeder in each year, an enormous surplus of stock 
would be gained, sufficient to provide all the Army Rations and other 
varieties of tinned mutton that are so extensively used in this country, 
not to mention the benefit accruing to the wool clip. This again suggests 
the possibility of establishing canning factories, and the increased trade 
which the industry would induce. 

Indian stock raisers are not as a rule big owners ; they each possess 
comparatively few animals which all receive almost individual attention, 
being watched while grazing and under care at night. This would facilitate 
the introduction of a system of regular clipping and dipping. It would be 
easier to have animals clipped and dipped than is the case in the huge herds 
of eighty to a hundred thousand animals, as they exist in the Colonies and 
the Argentine ; and yet in these latter countries the thing is done without 
difficulty, although labour is at a very bigh premium. The practical 
application would not be difficult ; a dipping place could be arranged for 
amongst every two or more villages, where dipping could be carried out 
under trained supervision at regular intervals, as indicated and advised by 
Veterinary Superintendents. If necessaiy, a small fee might be charged 
to the owners in order to cover the expenses of the dip used, but for each 
individuar sheep this would be infinitesimal, and would be paid for many 
times over from the benefits received. The inauguration of such a system 
would require the institution of some practical authoriy on the lines of 
the Stock Departments in Australia, or the Bunaiu of Animal Industry 
in the United States of America or the Agricultural Department in South 
Africa. A number of practical travelling Sufjorintendents with expert, 
veterinary knowledge would be required who could get quickly from place 
to place and see in ivhat way the bad conditions which I have indicated 
could be ameliorated. 

The chemical constituents used in the making of sheep dips and the 
method of mixing them in their proper proportions are hardly questions 
for this paper, but a system of dipping Ixuhig now a recognized institution 
in most civilized countries, no difficulty would be experienced in obtaining 
full particulars as to the methods and their ])ractieal adaptation. 
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About tlie Hiiddle of last century AoTicultural Science was only just 
beginning to investigate many of the most important questions relating 
to plant-nutrition and soil-chemistry. Thanks to careful experiment and 
scientific enquiry, much of that investigation has long since passed be- 
yond the pale of mere theory, and has become part of a more or less exact 
•science — the science of agriculture. The knowledge so obtained has become 
the foundation on which the principles of our best farm-practice of the 
present day are based. Only sixty years ago, however, our men of science 
had but touched the fringe of many of these great questions. 

LiMffs Mhieral About for instance, we find 

Liebig investigating the problem as to what really are the essential 
ingredients of plant food, and after much careful and laborious work in 
piot-eultures and soil-aiialj^ses, we find him expounding to the world his 
Mineral Theory,” that if you supply a plant with those mineral constituents 
found in its ash, as shown by its analysis, it will grow luxuriantly, because the 
air and soil together supply it with a sufficiency of carbon and nitrogen. 
He seemed to think that the ammonia of the air was an unfailing source of 
nitrogen, wliile in addition to this the plant has at its disposal the ammonia 
given off* by decomposing vegetable matter. 

d/. Georije,^ Ville, thoiigb of the Liebig school, attached more 

importance to the need of supplying nitrogen to the growing plant. He 
includes it in wffiat he calls ins JTorinal Manures,” along with })hosphoric 
acid, lime and potash ; and states that, after much careful investigation into the 
results of his pot-cultures, he had arrived at the conclusion that by the «aid 
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of these four simple chemical products a maximum crop may he obtaiued 
from 'all plants ill any place and ill any condition of soil ; further that by 
yarying the quantity of these products, the work of vegetation may be* 
regulated almost like a machine, the usefulness of which is in proportion to* 
the fuel consumed.” Ville's theory then reduces itself to this, that to fit 
a soil for growing a crop you should see that these ^ four essential con- 
stituents are there in sufficient quantity. Should it be deficient in any one of 
them, then that one should be applied as a chemical manure. But here a 
difficulty arises, for he had repeatedly found that soil-analyses were of little 
practical, value. ‘‘ Of what use is .it to us to know that, the soil contains^ 
phosphoric, acid, potash, nitrogen, etc., if we .consider active and inactive 
parts in the ■light of a loose .and heterogeneous, .mass, as, given in an ordinary 
analysis ? " ISo matter how exact 'in its. details an analysis of the soil may be,, 
it remains a dead letter with respect to the needs of plants, seeing tliat their 
roots are not provided with either acids, allvalies, or any other means of de- 
composing compounds, such as the chemist has at his disposal in other words 
the chemist at that time had not vet learned how to discriminate between 
the plant food which was immediately available in the soil, and that which 
only became available when treated with the strong acid solvents which he 
used in his analysis. 

of So! / Acting on. the 'assumption that 

it; ;was possible to bring the most barren soil to the highest degree of 
fertility by adding one or more of the four essential constituents, Ville devised 
a method for finding out which of tliese four are deficient in any one particular 
soil, and for any one particular <*rop. His w’as a thoroughly practical 
method of analysis. Five adjacent plots of equal area were chosen in the 
area to be considered. To the first plot nO' iiia.n.ure was applied; to. the, 
second he applied the complete manure, /.c., nitrogen, phosphates, potash and 
lime ; while from the remaining three plots, one of the four manures was 
withheld in turn — only three being applied to each. The plots were all sown 
with the same crop. A typical exjioriment triinl by Ville with wheat gave 
the following results : — 


No Manure. , 

Couiplete 

Manure, 

Minus Nitre- ; 
<i'en. ; 

.... 

m lbs. 1 

Minus Pbo.s- i 
pbate. 

1 

1 MituiH Potasb. i IMinus Lime. 

7-20 Ihs. 

2,580 lbs. 

1 

! l,S(i01bK. ' 2,4(!(»lbs, 

j 


From these results ihe Ibllowing deiluetions can be made (i) that tine 
soil requires above all a nitrogenous manure; (ii) ibat it is deficient in 
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potash and still more in phosphates ; but (iii) that it already contains about 
eMugh hme for this special crop at least. In manuring such a soil for 
wheat, lime would be omitted altogether, but a heavy dose of some nitro- 
genous manure, along with a more moderate supply of phosphates and potash, 
would be necessary. ’ 

.Experiments at Naffpur Farm . — Experiments of a similar character were 
initiated at the Nagpur Farm in the year 1883 by Mr. (now Sir Bampfylde) 
Fuller, who was Director of Agriculture at that time. They were continued for 
ten years with the one crop — wheat. During the first five years wheat was 
grown as a dry crop without irrigation, but the area was then changed and one 
to two waterings were given each season to the crop grown on the new area. 
The experiments may, then, be divided into two series. They were carried out 

with the greatest care, and the results obtained were proportionately 
valuable. 

I lie aim oi the investigation was to supply a much felt want> viz-, some 
definite information as to the fertility of - black cotton soil ” for wheat It 
was generally supposed to be rich, but whether in all, or only in some of 
the four essential constituents of ])lant food, no one then knew. It had been 
suggested that its fertility, like that of other Indian soils, might be due to a 
large amount of nitrogen obtained as ammonia in the rainfall. As recently 
as 1892, we find Dr. Voelcker hazarding the opinion that the soil of the 
Central Provinces did not require manure, and that that of the Nagpur 
Farm was too rich for experimental purposes. It is only foir to say that Dr. 

\ oelcker had not had the opportunity of analysing samples of its soil ; nor, 
indeed, would any analysis have given much accurate or practical information 
as to its lertility at the stage which soil analysis had reached at that time. 
The Ville experiments of the farm were thus designed to solve a problem 
of a most practical and scientific nature — a problem, too, which 
up to that time had not received half the attention its importance 
i deserved. 

! SerivTi of E<vpen mentis , — The first series of experiments dates from 

1884 to 1889. The results of 1887 1 omit, as the plots were overflooded 
that year, washing the highly soluble manures used from one plot to another, 
and giving results so discrepant that no deductions of any value can be 
snade irom that year’s outturn. The fertilizers were employed in the 
following proportions per acre : — 140 lbs. of ammonia chloride, 180 lbs. of 
I superphospliate, 90 lbs. of sulphate of potash and 100 lbs. sulphate of lime. 

: Iheir purity is not recorded, but the quantities used were supposed to be equal 

in amount to what a 1,260 lbs. crop of wheat per acre would make use of. 

I arrangement of the plots and the yield of grain in pounds per acre 

I . . ■ 
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Manurial results dependent mi (i) Rainfall, {U) Rust.— In examioiog 
ttese resiilts what strikes one first is their marked irregularity from year 
to year in spite of the fact that the plots have had the same man iirial 
treatment. Taking the tinmanured plot as onr standard, we find that 
the outturn in grain per acre of Plot I, with the eomplete manure, 
is nearly three times that of the standard plot in 1884, while in l<S8lh 
the fourth year of the series, it only exceeds it by a fifth or km While 
Plot lY has only varied at the rate of tlO lbs. per acre, the variation in 
Plot 1 is actually at the rate of 1,220 lbs. In examining the meteorological 
conditions of the two years, we find that the abundant and regular rainfall 
of 1883-4 explains the bumper crops of that year. The manures apjdieii' 
were all dissolved and thus made available for the growing cro|h In the 
fourth year owing to the lack of rain in September and October, followed 
by its complete failure during the winter months, all the plots germinated* 
badly, while the manured ones could make but little use of the fertilizers 
which lay dry and powdery in an equalk dry soil. Plot lA", depending 
as it did on its natural fertility, had less to lose, as the results clearly show. 

Rust is another factor that goes far to mar the success that would, 
otherwise, attend the application of fertilizers to the wheat crop. In the 
third year of the series, for example, the heavy rains and cloudy weather 
of December and January brought on a virulent attack of rust, winch 
reduced very much the gain from the use of manure in that year, while 
the unmanured plot suffered comparatively little. It seetns that the more 
succulent crop forced up by manures is both a more attractive host-plant for 
this parasitic fungus, and also the crop being so much denser catelies up far 
more of the wind-carried uredospores, than does a more straggling crop. 

Redactions made from arerage outturns.-^ In spite of this irregularity 
in the results from year to year, due to the causes just explained, still,, 


Series I 
unirrigated. 

Plot I 

n 

III 

IV 

V 

i 

^ : VI 

Year. 

Complete 

Manure. 

Phosphate 

omitted. 

Nitrogen ^ 
omitted. 

No. 

Manure. 

1 

Potash 

omitted. 

Lime 
omitted. ' 

188;M 

1884- 5 

1885- 6 

1888-9 ... i 

2,000 

1,380 

940 

810 

1,780 

1,465 

1,130 

630 

1,170 

920 

1,040 

m 

780 

735 

695 

690 

1,460 

1,270 

725 . 
560 

1,560 

1,320 

1 1,065 

590 

Average ... 

1,283 

1,251 

955 

' 725 

1,004 

1 '1,134 
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taking the averages for the tour years, we have sufficient data for broad 
and accurate conclusions. In the first place an average of only 725 lbs, 
01 12 bushels per acre from the uninanured plot, is, to put it mildly, 
ceitainly no indication of a naturally rich soil ; while the average increase 
of 557 lbs. or nearly 10 bushels got from Plot I is ample proof of the 
fact that the soil was originally lacking in fertility, and was for that reason 
very responsive to the application of the fertilizers. In other words Plot 
IV, which represents fairly well the natural fertility of the “ black cotton 
soil ” of the JShagpiir country, is decidedly deficient in one or more of the 
four essential constituents of plant food. 

Taking next the averages for Plots I, III, and IV, we notice that 
nitrogen accounts for an increase of no less than 328 lbs. over the unmanured 
plot When it is added, Plot I yields 1,283 lbs., but when it is withheld, as 
in Plot III, the yields falls to 955 lbs. While nitrogen alone has been 
beneficial to the extent of an additional 328 lbs, of grain, the combined 
increase reaped from the other three, viz., phosphates, potash and lime, only 
amounts to 230 lbs. Our second deduction then is that in the case of this 
particular soil, nitrogen is by far the most deficient constituent of plant food, 
and should, therefore, form the basis of every manurial dressing applied to 
wheat on such a soil. 

Th& nitrogenous mtiiiuve more elective on irrigated land* — If we now 
compare series (I) which was unirrigated, with series (II) the plots of which 
received one to two waterings each year, we note that under irrigation 
nitrogen is comparatively even more effective ; for while the three mineral 
fertilizers raise the outturn by only 11 lbs., the nitrogen of the ammonium 
chloride accounts for a gain of 413 lbs., as seen below — 


Series 11 irrigated. 

Plot I. 

ixT^’ ■ 

III. 

IV. 

V. 

vr. 








Complete 

Phosphate 

Nitrogen 

No Manure. 

Potash 

Lime 


Manure, 

omitted. 

omitted. 

omitted. 

omitted. 

1890-91 ... 


1,270 

805 

765 

1,455 

1,270 

1891-92 ... 

1,230 

1,500 

710 

710 

1,440 

1,240 

1892-93 ... 

480 

325 

105 

130 

535 

415 

1893-91 ... 

786 

799 

430 

374 

606 

782 

1891-95 ... 

652 

870 

465 

482 

740 

735 

Averages 

916 

953 

503 

492 

955 

888 


The one or two waterings were sufficient to dissolve the ammonium chlo- 
ride, and in this state it was available to the growing crop, in spite of the 
conditions of drought which prevailed during the raid season in 1893. That 
the average outturns of series II are nevertheless lower than those of series 
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I is due (a) to the crops of 1891, 1893 and 1894 being attacked by rust, 
and (/>) to the fact that the field chosen as the site for these experiments had 
received no manure for the six years previous to its selection for this pur- 
pose. These two causes combined will explain the low average yield of 
492 lbs. got from the unmanured plot. 

Remits given hy the three mineral manures , — While the results of both 
series show a great uniformity in the splendid results given by all the plots 
to which nitrogen was given, we find those given hy the mineral manures 
used are so erratic that no very definite conclusions as to their comparative 
merits can be drawn from them. At first sight one is apt to argue from 
the figures of Plot III of series II, that these three mineral foods are not 
deficient seeing that when all were applied and watered on that plot, they 
only raised the outturn by 11 lbs. over the unmanured plot. But this 
line of argument may manifestly prove to be fallacious, for as that plot 
had no nitrogen applied to it, it suffered from nitrogen starvation, and no 
matter how much other soluble plant food is added, the crop can make no 
use of it so long as there is no available nitrogen. Just as in the feeding of 
animals very much depends on the proportion between the nitrogenous and 
non-nitrogenous digestible constituents of food, and just as that ratio varies 
considerably for the different kinds of livestock, so the healthy growth of 
any one crop is determined by the ‘‘nutrient ratios ’’ of the essential food 
constituents with which the soil is supplied. Hence the productiveness of a 
soil comes to depend entirely on that essential food which is present in the 
least proportion. Though Plot HI has been abundantl j supplied with phos- 
pate, potash and lime, these are of no avail so long as no definite proportion 
of nitrogen is applied along with them. 

To estimate the relative values of these three mineral fertilizers we 
3nust see how the absence of each in turn affects the outturn. Taking first 
the average for Plot II of each series, we find that the effect j>roduced by 
withholding superphosphate from the manure applied gives no definite results 
k favour of the use of that salt. No. II dry plot suffered an average loss of 
only 31 lbs. when it is omitted, while the wet plot actually did better -with- 
out it. Phosphoric acid is evidently present in the soil of the Nagpur Farm 
in sufficient abundance to meet the retjuirements of any such cereal cro|) 
as wheat. This is not what one with a knowledge of western agriculture 
would have anticipated. British and American agriculturists who use 
chemical manures for wheat generally find that it pays to use phosphate in 
some form along with some nitrogenous manure. The fact that the ash 
wheat grain contains 46 per cent, of phosphoric acid points to its importance 
for this crop. Comparing the averages of Plots V and VI with Phd 1 in both 
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senes, it will be seen that while on the dry plot it is potash, on the wet plot 
it is the calcium sulphate that is the more beneficial; on the whole the re- 
sults will not justify the assumption that either is actually deficient in our 
“black cotton soil.” Had they been deficient, then they should have exert- 
ed their full force on the wet plots to which they were applied ; but instead 
of that, the plot without potash gave on an avei-age a better crop than did 
the complete manure on Plot 1, while the average for the plot from which 
lime was withheld has suffered very little. 

If the soil is not actually lacking in potash and lime, how then can we 
account for the fact that they have given an average increase of 278 and 
148 lbs. respectively per acre on the dry plots ? This may be due to either 
of two reasons, or more probably partly to both. They may have some small 
effect in forcing on the crop in virtue of the fact that they supply it with a 
very soluble and immediately available supply of plant food at the critical 
time at which it is most required. This is quite in keeping with our 
assumption that there was no pronounced lack of either to start with. But 
a second and more probable explanation of the results may be that the 
increases produced by these two manures are not so much due to their 
intrinsic values as plant food, as to their chemical effect in increasing 
the supply ^ of nitrates in the dry soil ; for nitrogen is apparently the 
one ingredient which regulates the fertility of this particular soil. The 
saltish nature of the potassium sulphate, more especially, would to a small 
extent at least act as a solvent on the ammonium chloride. 

C/i^mitxd and practkal analysis compared.— Lut us now compare the 
practical analysis with an ujj-to-date chemical one. In 1896 Dr. Leather 
made the four following analyses of soil from the Nagpur Experimental 
Farm 
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are not very suitable tor our pur{.us. 
series of continuous wheat experiinen 
progress for eleven years, so that in thi 
the analysis represents the unexhausted 
continuous cropping without manure. 1 1 
though very roughly, what the i 
have been. 

Nitrogen.— l-a the first place we 
low in all the plots. An f 
cent, of it. Dr. Dyer fot 
Rothainsted Wheat Exper 
without manure, and the I 
the experiments began, a 
than the majority of heavy English s. 
figures for nitrogen are exceptionally low. 
fb" fifty years, the Rothamsted soil still contains a 
than our “ black, cotton soil,” 

eleven years at the rate of 6 tons of cattledung per 
more than twice as much as our plot which had bemi 
for that time. That the total nitrogen in ^ ^ 

less than it is either in the unmanured or in the typical soil sample is, I con- 
fess, a great mystery to me. It would seem to point to a probable difference 
in the natural fertility of these plots to start with. 

l/ntte. Dr. Leather includes lime in only one of his analyses. His figures- 

show that there is abundance of this ingredient. One half jter cent, of 
lime in the first nine inches of soil is considered sufficient for arable 

land. 

Fotash . — Our chemical and practical methods of soil analysi.s are in 
complete agreement, then, as fiir as both the nitrogen and lime of the soil are 
concerned. They also agree in showing that there is a sufficiency ot avail- 
able potash. Dr. Dyer’s method of analysis, on which Dr. Leather’s was 
based, has shown that when an ordinary arable soil contains d'Ol [ht cent, 
of available potash and phosphoric acid respectively, in its surface layer of 
nine inches, it stands in no immediate need of special applications of these 
for cereal crops. Dr. Dyer used a one per cent, solution of citric acid as his 
solvent, and considered that its dissolving power on potash and phosphates 
represented fairly well the dissolving strength of the acid secretions of the 
roothairs of an ordinary crop. In a soil the potash and phosphoric acid 
soluble in this solution were, therefore, considered as “ available ” for the 


note that the total nitrogen is very 
soil in England will contain about 0-1 per 
r cent, in the unmannred plot of the 
it had given fifty eroi)s in succession 
il was just of an ordinary type w’hen 
not richer in dormant plant food 
loils. (’ompared witli that soil, our 
. After having its resources drained 
half more total nitrogen 
which even as in plot A-fi has been fed up for 
acre ; and it contains 
continuously green-soiled 
the green-soiled plot should be 
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crop. In no case, it will be seen, does the available potash fiill so low 

,as this standard. 

Phosphoric Looking lastly at the pei-eeiitages of available 

phosphoric acid as given in the chemical analyses, we Bud what at first siaht 
appears to point to a marked discrepancy between the two methods of anaiy- 
' sis. The analyses of plots A-8 and A-7 show only 0-008 and 0-007 per cent' 

ot phosphoric acid respectiv'ely. These plots, however, do not fairly 
represent the^ average initial fertility of the soil of the Nagpur Farm, but 
only its fertility after having undergone a gradual exhaustion of its 
plant food by eleven years’ continuous cropping. Still these results- 
: cannot be said to corroborate thoroughly the findings of the Ville Experi- 

i ments. If there had been abundance of phosphoric acid in Plots A-8 and 

f A-7 to start with, the 7 lbs. per acre or less removed by the crop annually 

, would not account for the low figures shown by the chemical analyses, unless- 

the amount lost by surface wash and drainage is very much greater in Indian 
; soils than in an average English soil. In the case of the unmamired plot in 

■; Broadbalk field of the Eothamsted Experiments, for instance, the percen- 

tage of available phosphoric acid in that soil of only average fertility was ■ 

: found to be 0-0078 after it had given fifty crops of wheat in succession. If 

I the samples analysed were typical of the soil of the Nagpur Farm, then that 

, soil must either have contained initially less than the normal quantity of 

. available phosphoric acid for an average soil, or if it did contain abundance, 

• I®®* ^ considerable quantity that cannot be accounted for in the 

: crop.s produced. English soils suffer very little loss of phosphoric acid by 

■ • drainage, but the conditions here being different, may give different results.- 

Perhaps some fresh light may be thrown on the question by the more' 

! representative analyses of our soils which are now being carried out,- 

I including as they do not only samples from plots exhausted by a twenty 

years’ continuous cropping, but also samples typical of the soil’s initial ' 
I iertilitj. 

i 1 he ifeological conditions of the soil , — W iiiaj be interesting now to see 

I how our Ville Experiments harmoiiis© with what we know of the general 

geological conditions of the Kagpur soil.- The soil consists mainly of the 
flebris ot trap rock and reaches a depth ofi from five to six feet. It contains 
f lew stones. Those that are found are cojnmonly angular lumps of 

gneiss and lime stone and more nodular pieces of (piartz of different degrees- 
f of purity, but generally coloured with iron.- The soil when moist is dark in^ 

colour and changes to a daidd§h-grey on dryiiig.- The dark colour is due to ' 
the presence of certain colouring mineral matter and not to decayed vegeta- 
I tion as was jfonnerlj believed to be the case. What that colouring matter is-^ 
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Ave leave to geologists to decide. The surface soil shows abundance of lime 
which exists in small seedlike specks in every lump of earth examined. 
When one of these lumps is placed in hydrochloric acid, great effervescence 
takes place, and on the lime being decomposed, the whole lump ot earth 
crumbles down. The soil is fairly retentive of moisture and becomes very 
.adhesive when wet, clinging to the sole of the boot with a putty-like persis- 
tenc}^ when one walks over it. On drying, it cracks freely to a depth ot 
two or three feet. The immediate surface soil, too, crumbles <lown ijuo 
tine tilth. Its sticky quality when wet, and its tendency to crack 
verise when dry, are due to the presence of colloid material 
g of finely divid(Hl clay particles. These particles are coagulated 
agent — carbonate of lime in this particular ease. On 
dvs freely, and the surface becomes covered witli an 
ained material than that of which the bulk of the 
fine surface tiltli. Being of mineral 
matter, which is the chief source of a soiFs 


. a very 
and pul 
. consistin 
.bv a clotting 
drying, the soil cracRs 
. apparently coarser grii 
soil is composed, forming a 
.origin it is deficient in organic 
,nitroge.n. 

(ieiu^ral All our different methods of examination then 

^ lead to the same general conclusions, W,:., that our black cotton soiF’ 
is only second class in quality, and that its great defect lies in its want of a 
sufficient supply of any form of nitrogen. It may be that in our tropical 
climate with the average temperature approaching the optimum for bacterio- 
. logical action in the soil, tlie rapid decay of organic matter thus produced 
may b.e opposed to any accumulation of nitrogen. Undoubtedly the soil i^; 
rich in lime, too, which would facilitate the process of decomposition. To 
this is to be added the fact that the native cultivator is not in the habit of 
using manure. These three factors combined may explain the poverty- 
. stricken state of our soil .in nitrogen. 

How we may most economically su]>j)!y this nitrogen is cvideiuiy a, 
question of the very greatest importance to the raivat. Befort‘ rci^orimiend- 
ing the use of higlily soluble nitrogenous manures, we must prove in liio 
first place that the cost of the manure is more than covered by the vahn? oi 
tjie increased produce, and in the second place that the soil suffers no doic- 
rioration when contimious .api)lications are made. It was not tin* object of 
the Ville Experiments to investigate either. Attention may, however, be 
drawn to the apparent exhausting power of nifcrogeii as shown by the results 
of both series. Leaving out the results of tlie year wliiidi \v{»re 

abnormally low all round owing to a bad attack of rust, we note that with 
the exception of Plot II of series 1 1, the outturns of the plot to wlncli une 
monium chloride was added, diminish faster than do those of other plots. 
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Taking the two series, au<l the initial year of each as 100, the results for 
successive years vary as follows 



I 

II 

i 

III 

W 

1 V 

1 . 

VI 


r 1883-4 

100 

100 

100 

100 

100 

100 


1884-5' 

69 

82 

79 

94 

87 

85 

3C 

'O 

1885-6 

47 

6.?-5 

89 

89 

50 

6S 

s 

1S8S-9 

40*5 

u 

. 

59 

88*5 

38 

3S' 


. Loss 

59’5%, 

65% 

41% 

11 ‘5% 

62% 

62% . ■ 


r 1890-91 

100 

100 1 

' 100 

100 

100 

100 


1891-92 

86 

118 

88 

93 

99 

98 

Vi . 

1892-98 

Omitted 

Omitted 

Omitted 

Omitted 

Omitted 
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S ' 

s 

1893-94 

55 

m 

53 

49 

42 

62 


1894-95 

46 

68-5 

58 

63 

51 

, 58 


. Loss 

Ti. E- 

54% 

^^1*5% 

.42% 

37% 

49% 

. 49^/ 


inoi u^tJiiuus sails, at 

any rate as chloi-ide of ainmonia, as manures on “ blaek cotton soil” in 
India, is fatal to the future fertility of the land, but much more evidence is 
required before this inference can be accepted as a ftict. In the Western' 
Hemisphere the evil effect of nitrate of soda on certain soils is recognised 
by the intelligent farmer. When he continues to use it for cereals he finds- 
that he generally gets a gradually diminishing yield from its use. This he 
sometimes wrongly attributes to a supposed injurious chemical effect that 
this manure has on the soil. 

The object of the Ville Experiments, however, was merely to determine 
ill which of the essentia! ingredients of plant food our “blaek cotton soil” 
is deficient. Questions relating to soil-exhaustion and to the most econo- 
mical forms in which to apply nitrogen as a manure, have been investigated 
by another series of continuous inanurial experiments with wheat which have 
been in progress for the last twenty years. A critical examination of the 
results of these will form the subject of a future ai'ticle w'hicb, while showing 
the most profitable manures that the ordinary cultivator should use for wheat., 
will also throw new light on the question of how that soil has been affected 
by the continuous application of the different manures employed. 
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Provincial Departments of Ao-riciilture, tlie more important cpiestion ot 
tinancing the agriculturist has not })een forgotten. It is remarkable that the 
industry by which over eighty per cent, of the population live is supplied 
with most of its capital at a rate of interest varying from 25 to 50 per cent, 
.per annum. Any other industry would die under such conditions, but the 
agricultural industry cannot die ; it is the ryot who dies. He cannot turn to 
a more lucrative occupation wlien agriculture does not pay ; he either starves 
or becomes liopelessly indebted and the >s]ave of the money-lender. If the 
problem of financing agriculture can be solved, the benefit to the ryot will 
be ijreater and more direct than the saving occasioned by new methods of 
agriculture or the profit to he gained from a greater outturn. Without the 
. use of capital at a reasonable rate, the agriculturist will he unable to take 
. advantage of new ways and means. The success of the results of research 
and experiment depend directly on the success oi* tlie effort to ^apply the 

• ryot with capital at a reasonable rate. 

Cheap capital or facile credit is not necessarily a boon in its(*lf. 
Switzerland has organised a system of cheap credit with the result that 

• 60 per cent, of the land is now mortgaged. The present and past genera- 
tion have merely discovered a system of robbing future generations of 
portion of their means of liveliluxnl. Any increase in comfort has been 
obtained at the expense of their ehildreiPs children. If credit of this kind 
were supplied to India, the ryot, who formerly was in a position to borrow 
Rs. 100 from his mahajan for liis daughter’s marriage and par 50 pen* cent, 
per annum for the accommodation, would simply spend more on the marring<L 
and so land himself deeper in debt. With credit elieap lie would purclia^'C 
more. 

The question has thus two sides, commercial and economic. A system 
of finance which might prove a commercial success would not necessarily 
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prove an economic success, but the system which promises to be an economic 
succe&s must be based on commercial principles. The commei’cial side may 
beshortly stated thus:— the ryot is ready to borrow a sum of money for 
which he is at present paying interest from 25 to 50 per cent, or more ; the 
majority of ryots have good security to offer for the sum which they require, 
while the capitalist has money to lend on good security at 6 per cent. These 
two have to be brought together for their mutual benefit. It would be easy 
and commercially profitable for the State to set up an agricultural bank 
provided with special summary powers for collecting its dues, but such a 
s\ stem would not benefit tne agriculturist in the long run. 

It is impossible for the large capitalist to come into direct contact with 
the small cultivator. The capitalist has no local knowledge of the individual, 
he has no agency for collecting small loans, and he could not keep millions of 
small accounts. Ihere must be some intermediate organisations. In 
Germany this has been found in Co-operative Credit Societies, and in India 
an attempt is being made to create a similar organisation. This system aims 
at capitalizing the honesty of tlie villages. Where anything in the shape 
of a village community' e-vists, the majority of the cultivators have a 
character for honesty, often not extending beyond the narrow limits of the 
village, but within these limits most transactions take place without any 
written bond, the man’s word being sufficient. On this honesty a certain 
amount ot credit is based ; it may be a ci’edit of only a few rupees, but the 
measure is known to the villagers. They know exactly how much a man ought 
■to spend and how much he can earn. We want, therefore, to teach the people 
to amalgamate this village credit and jointly borrow a sum sufficient to 
meet the needs of the whole village. The capitalist does not know which 
cultivator is good for Rs. 5 and which for Rs. 100 : ho does nnf, knnw wl,,. 
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the evils of facile credit By oroanising the village and making the 
members jointly and severally responsible, we create a cheek on excessive 
expenditure and prevent the individual from robbing his children. The 
village will not lend to the individual unless they see a prospect of the money 
being repaid within a reasonable time and, moreover, they will not lend unless 
they consider the expenditure necessary. A man is not tempted to spend on 
display more than he can aifford when he has to run the gauntlet of public 
opinion, and the village will not lend him more than he can repay when they 
realise their joint responsibility. .Further, there are so many necessary uses 
to whicdi the members can put the money that they will not give out money 
for unnecessary expenditure, and if the member turns to the money-lender 
again, his name is removed and the privilege of borrowing at a low rate ceases. 

There are at present in Bengal 86 experimental village societies, and 
the majority of these show every sign of ultimate success. These pioneer 
societies are distributed over twenty-two of the thirty-t\vo districts in Bengal. 
The capital has been raised partly from Government and Wards’ Estates and 
partly from private sources. The societies pay from 6 to 12i per cent, for the 
money borrowed, which they lend again at from 12i to ISf per cent. The 
whole of the profits go to a village fund from whicdi the original capital 
borrowed will be repaid, and the village will then be in a position to carry 
on their society with a capital of their own siiificient for all ordinary seasons. 
Working on these lines, steady progress has been made during the last 
eighteen months. W^herever a village community can be found, the scheme 
will succeed, but in parts of Eastern Bengal where the cultivators do not live 
in villages, some modification will probably l)e necessary. The societies have 
been founded in villages wliicli are not lieavily indebted, because thev offer 
the best field for initial effort, but as soon as the neighbouring villages see the 




benefit, they also demand similar societies in order to pay oif their debts and 
start afresh. At present the societies are small, with a capital of Ils. 200 
to Rs. 300, which is often sufficient to finance a small village, and such little 
societies are the best ground for observation and experience. 

Three grain banks, run on co-operative lines by a zemindar of Dacca, 
have attracted much public interest, and it has been recommended that such 
^olas should be opened all over the Province. The ([uestion of estal)iislnng 
grain is one of some difficulty, and so far only two have been registered 
in this Province. The price of grain ruled high this year, so that those with 
surplus stocks were eager to sell, while those with short crops Imd nothing to 
deposit, A grain bank requires much supervision, and it seems impossible to 
run it in Bengal as anything but a store of food grain. The different varie- 
ties of paddy sown by the cultivators of a single village are so very luimeroos 
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that the individual cannot relj for his seed upon the general stock in a grain 
bank. Under such conditions the only method of running a seed association 
is to purchase the variety of seed indented for by each member, and to use 
the collection in the gola as food grain. The ryots readily use mixed grain 
for food, but seed grain must be specially selected and true to variety. For 
the following year a sufficient quantity of the stock must be sold and the next 
year’s seed grain purchased. The surplus stock must be sold as soon as the 
new year’s grain is harvested, for paddy deteriorates after one year. All 
these little transactions mean a large amount of labour, and it is difficult to 
get rid of the custom whereby everyone who touches the grain gets a certain 
percentage. For these reasons I have come to the conclusion that on the 
whole it is easier to found successful money societies than seed banks ; the 
temptations are fewer and the trouble of management is not so great. 

At present, however, one experiment on a large scale is being made. In 
the Sonthal Parganas the Deputy Commissioner has carried on a grain-lending 
business for some years for the benefit of the ryots of the Government Estate 
and the Wards’ Estates under his charge. There are golas at four centres 
with a total capital of nearly 2.5,000 maunds of paddy. Loans were made to 
individual cultivators, but the business soon assumed such proportions that it 
got beyond the management of the Deputy Commissioner without the assis- 
tance of a special staff. The defects of the system were the difficulties 
of checking the accounts and the stock ; the high cost of the management 
owing to the payments made to headmen and others for collecting the 
debts; and lastly, the exactions at ail times of weighment and check. In 
consequence the rate charged was not .smaller than the rate at which the 
ryot could borrow from the village grain dealer. Under the new rules 
recently drawn up, loans will in future not be made to individuals, but only 
to batches of ten on the joint and several bond of the whole number. If any 
batch chooses, it may be registered as a co-operative society. In such eases 
the loan will be treated as the capital of the village bank and half the 
interest will be credited to the village ; in other eases the full interest and 
capital must be paid annually direct into the central gola. Loans to societies 
are repayable in four equal annual instalments commencing from the end of 
the third year. 

Success in all these experiments will not come at once. It is necessary 
to be patient. Eaiffesen started his first bank in 1849, a second in 18.54, 
and it was not till nearly forty years later that the movement made rapid 
strides. In Bengal there are already over three score societies working on 
sound principles, and this tends to show that we are on the road to a successful 
solution of the problem of financing agriculture. 

■ 15 ■ ■ 









CYANOGENESIS IN PLANTS, 


By J. WALTER LEATHER., ph.d., p.i.c. 


Imperial AgriciiUiiral Chemist. 


Of the experiments made in the chemical laboratory, many are carried 
from the stage of pure science to that utilitarian platform which makes the 
work serve the every day use of man. Cyanogenesis in plants is a case 
in point, as it has to do with a certain class of compounds which are a 
cause of occasional poisoning of farm animals. As the subject has a direct 
interest to the agriculturist, I propose to try to explain the nature of these 
compounds. 

The chemist has constantly to use difficult words of numerous syllables 
each, but he is not alone in this practice. Other scientists offend equally 
as much in this matter. But if the chemist pleads guilty to the use of 
long words, he can at least offer the defence that the syllables have a definite 
meaning. The title of this article, due to Professor Wyndham Dunstan, 
is more readily appreciated if its derivation is explained. This is eyanogm 
and genesis. The latter requires no further remark : the former does. 
Cyanogen itself is of no very direct importance to the subject in hand, but 
the word occurs, and a near “ relative ” or “ derivative,” as the chmnist 
says, will be spoken of. 

The man in the street knows something about atoms ; that they are 
the chemist’s units of matter, and that they unite together to form groups 
which are called molecules. He knows, for instance, that 
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can again obtain the from the chalk, and yet this mode of 

expression is not strictly correct. Carbonic acid is a gas, whereas chalk is a 
solid iinifoiiii substance. Chalk is not (Quicklime nor is it carbonic acid, but 
is a new substance formed by the union of these two substances, I have 
chosen a familiar example in order to draw a distinction, which is all 
important to a proper understanding of my subject. 

There is a well-known class of substances to which the name glucoside ” 
has been given. They are found in the tissues of plants. Indican, 
amygdalin and salicin are perhaps the best known. Whatever their origin 
or their individual properties, they possess two in common (a) if they are 
boiled with dilute acids, they are split up and two or more new substances 
are formed, one of which is always a sugar ; (?>) this same change may be 
effected by the fermentative action of an enzyme, i.e., one of the so-called 
unorganised ferments.'^ Among the other new substances which result from 
this splitting process, there is always one which is characteristic of the 
glucoside. Indican yields indigo ; amygdalin yields oil of bitter almonds. 
Further, there is one series of glucosides which not only jnelds a sugar and a 
compound peculiar to each member of the series, but prussic acid in addition. 
Prussic acid is a derivative of cyanogen, and hence these glucosides have 
been termed cyanogenetic glucosides, because they are the origin of prussic 
acid. Until recently amygdalin was alone among the known glucosides 
characteristic of this property. But during the last two or three years others 
have been found. The list includes, among others, lotasin present in Lotus 
amlncus. dhurrin in Andropogon sorghum^ phaseolunatin in the seeds of 
Phaseolvs lunatus, gynocardin in the seeds of Qijnocardia odomta, and that 
of the tapioca root which has not yet been fully examined. 

The point which 1 set out to explain to the ordinary reader is then 
that there is a class of substances, the cyanogenetic glucosides, found in 
plants from which prussic acid may be obtained under certain specified 
conditions. On the other hand, they do not contain prussic acid. It is this 
distinction which I hope that 1 have made clear. 

Prussic acid is a well-known poison. One grain is a fatal dose in man. 
Obviously then these cyanogenetic compounds, some of which are now 
known to be present in certain crops, possess a special interest to the agri- 
culturist. For, although the farmer does not boil fodders with acid, if these 
peculiar substances are brought in contact with a suitable enzyme, the forma- 
tion of prussic acid will ensue. And it so happens that with these 
glucosides, a suitable enzyme is generally present in the plant, not in the 
* For a more complete discussion of this subject, see the article on the Study of Fermenta- 


tion, Yol. J, page 68 et seq, of this Journal. 
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same cells, but in the same part of the plant. It i.s only neces? 
almonds or jowari leaves or tapioca root in water, and allow i 
stand foi- a short time, in order to cause the ehan^fe that I hav 
The mixture is then poisonous. 

Another factor which in some cases is of great import 
enzymes are destroyed by boiling water. It follows, therefc 
substance contains one of these glucosides and also an enzyme, 
prevent the latter from having any effect on the former, it is on 
to heat the material suifieiently for a short time, when all dangei 
d action of prussic acid will pass away. 

We may now consider what is known regarding those ( 
glucosides which occur in Indian crops. The first crop which we 
is Andropogon sorghum (jovvav, juari, cholum). This plant ( 
glucoside dhurrin, situated principally in the leaves and stem. I 
that as maturity approaches, the quantity of d/mmn decrea 
becomes negligible. It is accompanied by an enzyme, and it is 
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the plant is it principally situated ? Regarding- the first, Brunnieh carried out 
I some experiments at Melbourne *, and he found that the glucoside was. pre- 

sent in the plant at all stages of growth, but that its quantity diminished as 
maturity advanced. Also it is to be noted that the crop of jowar, which 
was so poisonous at Poona in June 1904, was quite innocuous after maturity. 
Mj own experiments on this point up to the present are very limited. 
In 1904, immediately after the case of sickness occurred at Poona, two 
varieties of jowar, namely Nilva^^ and ‘‘Utmair obtained from Poona, 
weie sown at Dehra Dun, together with a local variety, and each was 
examined at intervals during August and September. The plants in all 
cases contained either no dharrin or only nominal quantities of it. This 
experiment does not negative Dr. Brunnich's evidence, but it emphasises the 
fact that some jowar plants contain much more of the glucoside than others. 
In July 1904, a specimen of jowar fodder of the Haud'r' variety grow- 
ing in the same neighbourhood as that which had done so much harm, 
was examined, and only *17 grain of prussic acid was obtained from it 
per pound. Thus whilst the quantity probably decreases as maturity 
approaches, the really important question is, under what conditions is dhunin 
occasionally formed in large amount in a crop of jowar, and why is the plant 
usually almost free from it ? Regarding the second question, namely, in 
what part of the plant is dhurrin principally situated, the specimen of 
poisonous Imndi w^as not only examined as a whole, but the leaves, stalks, 
and inflorescence were each examined separately (after drying in the air) 
with the result that the leaves produced 2*5 grain, the stalks IT grain, and 
the flower *25 grain of prussic acid per pound. The subject is, however, 
far from being completely understood, and I would be indebted to readers 
of this Journal if they would at any time send to the Agricultural Research 
Institute, Pusa, specimens of the fodder which are known to have been 
poisonous. 

Lastly, it is to be noted that sun-drying the fodder does not decrease 
the amount of glucoside in it. On this point there is no doubt. Brunnieh 
made a series of comparative experiments to test it, and in the laboratory 
of the Government of India, we have found similarly that the glucoside is 
not changed by this process. 

Another plant common to India which contains a cyanogenetic glucoside 
is Mariihot utilissima, the cassava or tapioca plant. The root of this plant 
has long been used as a human food, and in other countries both starch and 
tapioca are prepared from it. Authorities have generally recognised two 
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principal varieties, the “ sweet ” and the “ bitter 
held to be n on-poisonous, the latter poisonous, ai 
known to be prussic acid. Some authorities state tt 
possess red petioles, the “ sweet ” varieties sree 
number of variet 
to establish three 

as such ; secondly, all the varietici 
other botanical featur 
much in amount ; thirdly, this ^ 
has the property of 
quent formation of prussic acid 
necessary to crush tapioca root with water in order 
change. The amount of prussic acid varied very much 
grain of prussic acid per pound of root was obtained, 
one-tenth as much. This root has to be considered both a 
also as a source of starch or tapioca. It is probably no 
state in India, but it is sliced and fried in some par 
Whether this cooking process is sufficient to render tl 
uncertain. It would nrobn.b]\r Koi i 


: the former has ' been 
the poisonous agent is 
the “ bitter ” varieties 
ones. A considerable 
Its weie examined at i^oona in January 1904, when I was able 
lacts . fiistly, fion^ of the varieties contained any prussic acid 
s, irrespective of the colour of the petiole or 
*es, contained a cyanogenetic glucoside, which varied 
^ lucoside is associated with an enzyme which 
causing the splitting up of the glucoside, and the eonse- 
As in the case of iowar leaves, it is onlv 
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It is also known that the linseed plant {Linum usitatisumiini) possesses 
at times poisonous propex*ties like sorghum, but cases of poisoning from this 
cause are rare. Whilst writing this article an instance of this has been brought 
to my notice by the Director of Agriculture, U. P. Some cattle belonging 
to a zemindar in the Banda District ate some immature linseed as fodder, 
with the result that fifty-two died in a few hours. The specimen of the 
plant which was sent to me contained a cyanogenetic glucoside and yielded 
prussic acid when crushed in water. I obtained 1*4 grain of the acid per 
one pound of the plant. 



THE PRODUCTION OP EARLY-MATURING CANES 


By G A. BARBER, M.A., F.L.s. 

Governmmt Botanist, Madras. 

Shortly after starting the Samalkota Sugar Sh 
experienced in dealing with the packages of canes 
parts of the country when the local planting season 1; 
was ready foi- their reception. Various methods of ‘hf 
which the canes, whole or cut up, were placed in shal 
up, but these did not satisfactorily overcome the difficu 
give uncertain results in the soil of the Godavari delta 
journey. A small nursery was, therefore, rapidly got i 
ing the method adopted in Gunjam, the sets were at om 
is done in paddy seed-beds. This method was perfect 
canes suffered in no way on being taken out and trans 
prepared for them. 

About the same time attention was drawn to the 
with excellent soil and an abundant irrigation from caiif 
all is planted. While in the Godavari delta, however 
on for eleven months out of the twelve, the water is o: 
Kistna delta for nine months. If by some means w 
period of growth of the canes to nine month* 
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on the bamalkota farm to plant np thirteen times the area of the seed-bed , 
and, while this cannot be done in all oases, it is evident that the land to he 
finally planted may be many times as large as the nursery. It is frequently 
possible to set aside an acre of land under a well close to the village site 
and plant this at a time when general agricultural operations are out 
of the question. Such an area would furnish seed cane for quite a large 
held, and the period of water scarcity could thus be bridged over from 
one season of irrigation or rainfall to another. 

In the latest experiment on the farm, the seed-bed was planted on the 
29th March 1905, and the young canes were transplanted on the 4th of June. 
The canes were analysed once a 
until the harvest. They were juc 
of transplanting. Compared wit 
beginning, the length of time fro 


fortnight from the beginning of December 
^ed to be ripe eight months after the time 
1 similar plots planted with sets from the 
n planting to reaping was the same. The 
i by the experiment, was therefore exactly 
nursery. We cannot say whether this 
would always be the case, and it is at least doubtful whether the crop would 
be as good as in ordinary planting, —probably not. Comparative experiments 
have still to be made on the subject, but there are some indications that the 
produce of seed-bed canes has a certain resemblance to ratoons or second- 
year canes. 

The importance of this method of planting canes cannot be over-rated 
in places where the period of irrigation is short, or where the exact date of 
the advent of seasonal rains cannot be foretold. There is no longer any need 
for keeping the cane standing in the field (standovers) month after month, in 
the hope of rain coming. The cane sets may be cut at the time of harvest 
aud immediately planted in a nursery, the land intended for the crop may 
be prepared in a more leisurely manner and the canes transplanted when it 
is ready and when the danger of a water famine has been averted."^ 

Stool-planting'’ is another method adopted at the Samalkota farm. 
After the canes are cut, the roots ” (more properly called stools) have to 
be removed for the preparation of the land for the succeeding crop. If these 
stools are cut up they may be planted without danger. Supposing the 
canes were originally planted at the rate of 10,000 to the acre, the stools 
therefrom may be made to plant up five times the area. For it has been 
found in trials on the farm that, owing to the invariable and rapid growth of 
all the divided stools, they may be economically put in at the rate of 5,000 
to the acre, and that each stool will provide at least two or three plants. 

* Some other advantages of a nursery may be noticed. Many, if not all, diseased sets 
can be eliminated ; and a more uniform stand of canes can be obtained. — Mditor, 
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By this method of stool-planting the period of water scarcity can also 
be partially bridged. If the canes are cut in the ordinary course, the 
stumps will remain in the ground for a considerable time without dying and 
thus a part of the time of short water may be passed. Moreover, the stools 
mature earlier than plant canes, so that their period in the ground is shorter. 
The exact advantages of this method of cane-planting have not been fully 
worked out, and will probably vary a good deal in different parts of the 
countiy. One of the greatest is that, with proper care, no filling up of blanks 
will be needed. A full stand can be obtained at the start, a very important 
inattei in successful cane cultivation. The plots planted in this wav resemble 
ratoons even more than those planted from seed-beds, and the yield is pro- 
bably less than from plant canes. On the other hand, the old roots are 
utilised as seed, and the canes are far more healthy than ratoons. The 
plants are not so long a time in the ground, as stool-planted plots ripen 
earlier than those planted from sets. This agrees with the well-known 
character of ratoons which, in the Godavari district, mature one month 
earlier than plant canes. 

^ flashing or stripping the canes of their dead leaves, so frequently 
done in moist lands in the West Indies, was tried on the farm, and the 
canes in one experiment ripened a month earlier than in the control 
plot treated in the ordinary way. The experiment is isolated and therefore 
not conclusive, but the result is in the direction that would naturally be 
expected. More experience is necessary before the method can be recom- 
mended under Indian conditions. Its usefulness will probably vary in 
different tracts, and where the canes are liable to he attacked by jackals or 
where the atmosphere is very hot, it is less likely to be advantageous. To 
take the case of the Godavari delta, the canes are heavily wrapped round 
with their own dead and dying leaves to bamboos and to one another. This 
at first sight appears to be an unreasonable practice. But when one con- 
siders the great height to which the canes grow in good crops (some oane.s 
last year, when laid out, measured 26^ feet in length over all), and the 
violent storms which usually occurs towards the ripening time, as well as 

the frequency with which the canes are attacked by numerous jackals and 
wild cats. It IS difficult at present to suggest any certain improvement 
Irashing can only be done with hard-rinded canes of a bunching habit. 

Ihe feeding of the cane and its general treatment have a .rreat 
influence on the time required for ripening. It may be stated generally Ihat. 
when starved, its growth is limited and ripening is hastened The 
manurial plots on the Samalkota farm have been of a comparatively Simple 
nature, being mainly devoted to the comparison of the effect of diffei4t 
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iiitiii 111*68 ID. tD6 iorin ot oil-caB 6 Diust not 00 given in too Itirge (|iitintities 
when it is desired to shorten the period of the eane’s growth. 

This latter fact brings ns to the conclusion that it is generally useless 
to expect very large yields with a short period of cane growth, and that 
efforts at reducing the time in the ground are likely to be accompanied by 
a diminished yield. It may be stated as a general rule that, within certain 
limits, the longer the cane is in the ground the larger is the crop. It 
should be noted for instance that the enormous yields quoted from New 
South Wales are stated to be from canes 18 months old. In the same 
way some Mogali canes recently distributed from the Samalkota farm 
to a planter in Mysore were reported to produce 6f tons of jaggery to the 
acre at 18 months. This is the converse side of the problem. There 
are comparatively few places where the canes can be successfully grown 
for much more than a year, but it may be quite worth while to consider in 
special cases whether it will not be more economical to lengthen the period 
of growth instead of restricting it. 

In conclusion, there is no doubt that certain canes require a longer 
period for their growth and maturity than others, although this subject 
is still rather obscure. The rate of ripening is obviously one of the first 
factors to be determined when introducing canes to fresh localities. There 
is groat activity just now in bringing canes from the ends of the earth and 
trying them in various places suitable and the reverse. While some of 
these efforts will succeed, others will undoubtedly fail, and a record of these 
successes and failures will be of use in judging which canes are suited 
to which conditions. This opens a great field for observation which should 
not be left to the agricultural departments alone, but in which every cane 
grower should take part. 


THE STUDY OF FERMENTATION AS APPLIED TO 

AGRICULTURE. 


By C. BERGTHEIL, 

Bacleridogist, Agricultural Research Institute, Pma, 

(Part II.) 

In a previous article {Agrimltuml Journal of India, page 68, Vol. I), 
the study of fenneniatioa was defined as the clieraical changes which take 
place under the influence of living matter, and it was stated how essential this 
study has become to modern agricultural science, particularly in the 
endeavour to obtain a more intimate knowledge of the vital activities' of 
plants. It is necessary to follow the matter a stage further than this 
and 0 learn what is possible about the processes, which take place after 
the planthas ceased to grow and its substance is undergoing fermentative 
change. In the present article it is proposed to amplify this latter theme 

by considering a few special problems and to show how their study has 

led? or may lead, to practical results. 

The terra ‘fermentation’ naturally suggests to the lay mind somethin. r 
connected with spirits, and it was indeed in connection with operations 
involving the production of alcohol that the term was originally used 4 
consideration of the processes of spirit manufacture will serve to illustrate 
the type of problems which, though they have assumed an importanl 
justifymg a special technology of their own, are very closely allied to agricul- 
ture, since all the raw materials concerned are derived from the land. “ 
Amongst all races and in every age we find a knowledge of some 
means for the production of alcoholic spirit, all fundamentally depending 
on he fermentation of sugar. A real understanding of the j-rocesse” 
involved IS, however, comparatively recent, and it is onlv by the aid of our 
modern conceptions of fermentation that the connection between amdcultm^ 
and the manufacture of spirit has become clear. In many of the processes con 
cerned, more especially those used in Western countries, we have to deal with' 
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an enzyme action at the very beginning. Here the raw material is commonly 
some kind of grain, such as barley or rye, or some staj-chy tuber, such as the 
potato, all of which contain no sugar or only a verj' small quantity. 
The first operation necessary is the production of sugar from the starchy 
material. For this purpose, use is made of an enzyme action of a 
similar kind to those mentioned in our previous article 
germination of the seed ; in fact, the process employed is 
the utilization of Nature’s effort to promote the fferminatio 


precisely 
in discussing the 
lothing else than 
of the grain by 

supplying the embryonic plant with easily assimilable food. All starchy 
grains contain, and have the power of producing, a specific enzyme “ diastase,” 
whose special function is the conversion of the insoluble starch into a soluble 
sugar, and it is only necessary to put the grain under suitable conditions of 
moisture and temperature to promote the interaction of these substances and 
the resulting formation of sugar. 

This is the preliminary operation of practically all processes of alcohol 
production from grain, and is exemplified by the so-called “ malting ” of 
barley preparatory to the preparation of beer or whisky. In this process 
the barley grains are placed under conditions favourable for germination and 
are allowed to grow until they have extended a shoot about half to three- 
quarters as long as the grain. By this time the maximum amount of diastase 
has been produced and the maximum amount of starch has been converted 
into sugar ; the process is, therefore, concluded by heating the germinated 
grain to stop its growth, for otherwise the sugar produced would be assimilat- 
ed by the young plant and the maltster’s object be frustrated. In the case of 
potato spirit, the operation is similar, except that here diastase has to be 
produced from grain as described above and introduced into the mass of 
potato starch as “ malt,” whilst, in the case of the Japanese “ Moto,” which 
is an alcoholic spirit made from rice, and of “ sakd ” which is a beer prepared 
from the same material, we have a still more marked instance of the introduc- 
tion of enzyme from an outside source, since reliance is placed entirely on 
diastase produced by a mould, with which the boiled rice is infected to 
bring about the necessary saccharification. 

Modern study has taught us a great deal about the enzyme actions 
involved in these various processes. In the first place we have learnt that 
starch is the essential constituent of the many types of raw material from 
which alcohol is eventually derived and that, therefore, the production of 
a highly starchy grain (which, within limits, has also a correspondingly 
great diastase-secreting power) is the chief agricultural desideratum from 
the brewer’s and distiller’s points of view. This, of course, depends upon 
the plant selected for the purpose, on the soil in which it is grown and 
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its manurial treatment, SO that pure agriculture is very closelj concerned 
in the matter. Much has been learnt too of the effects produced by the 
other constituents of the materials used, by the bodies formed during the 
process and by the various conditions of environment (heat, moisture, 
acidity and the like), on the saccharifying processes. In every case the 
question must be considered from the point of view of enzyme action, and 
so much- time and labour has been devoted to the study of this particular 
operation in the past that diastase is to-day by far the best known of all 
enzymes, and processes involving its use can be regulated with almost 
the exactitude of an ordinary chemical reaction. 

It would be beyond the scope of the present article to go further into 
the detail of the preliminary operations involved in the manufacture of 
spirit. We have seen that the prime object of them ail is the conversion 
of starch into sugar, and we will now consider the formation of alcohol 
from the sugar so obtained. Here we have to deal with a fermentation 
process which serves well to illusti-ate the view expressed in the previous 
article that the essential nature of all fermentations, whether produced by so- 
called ‘organized’ or ‘unorganized ’ ferments, is probably the same, both 
being due to enzyme action. As is well known, alcohol is invariably pro- 
duced industrially' from saccharine liquids by the action of yeasts, lowly 
organisms closely allied to moulds, which possess the function of converting 
sugar into alcohol. In Western countries yeasts and their actions have 
been most carefully studied, and pure cultures of special yeasts, which 
have been found most suitable for the production of the particular type 
of fermentation desired, are deliberately introduced and their growth 
most carefully regulated and guarded ; in other cases, such as those we are 
familiar with in India, wild yeasts are allowed to gain access from the air 
and grow in the liquid to be fermented, but under all circumstances a yeast 
or closely allied organism is necessary to the process. Until recently 
it was believed that this action of yeast in converting sugar into alcohol was 
due to some vital action of its protoplasm as distinct from a secretion of 
enzyme, and it was invariably cited as an instance in support of their views 
by those scientists who hold that there are some types of fermentation jiro- 
duced by mycro-organisms which are independent of enzyme action and 
depend on some other type of metabolic operation of their cell-contents. 
The existence of an enzyme capable of converting sugar into alcohol in 
yeast cells was, however, conclusively proved in 1897 by Buchner, who 
succeeded in extracting it by submitting the cells to great pressure. In thi.s 
way a clean liquid was obtained which, on being added to sugar solution, 
produced the evolution of carbonic acid gas characteristic of alcoholic 
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fermentation and tlie formation of alcohol in the liquid. The difficulty which 
' had previously been found in extracting the enzyme was thus shown to 

. have been due to the great tenacity with which it is held by the yeast cell- 

contents. It was found that a white solid could be precipitated from the 
: liquid extracted from the cells, which was soluble in Avater and whose 

I solution acted upon sugar exactly like the original extract ; this solid 

! represented the enzyme in a crude state and has been called zymase” by 

its discoverer. So far this has had no pronounced influence on the industries 
concerned, it being still found more convenient to allow the yeast cell to 
elaborate the enzyme in the liquid to be fermented and produce the desired 
action, but the discovery is important from the theoretical point of view and 
? suggestive of a line of investigation along which many other fermentative 

I changes induced by organisms may be, and are being, studied with a 

I prospect of obtaining a more intimate knowledge of their nature. 

We have, however, occupied more space than the subject justifies by the 
S consideration of alcoholic fermentation which, though it is connected very 

? closely with agriculture, has been made the subject of so much special study 

I that it has been well nigh removed from the sphere of the agriculturist. 

Problems with which he is more intimately concerned are those of the dairy. 

I Milk and cream are naturally ideal media for the development of 

[ organisms, so much so that a sample of cream ripe for butter-making has been 

found to contain as many as 1,500,000,000 bacteria per cubic centimetre, 

‘ far more than those found in sewage or any other natural material which 

j has been examined. It, therefore, becomes a matter of great industrial 

; importance to preserve milk from harmful fermentations, particularly those 

occasioned by pathogenic organisms, and considerable attention has been 
i devoted to this question in the past. The result has been the introduction of 

the system of pasteurization,” now so widely used in Europe and America, by 
which the milk is heated to a sufficiently high temperature to destroy most, if 
not all, pathogenic bacteria and a great many of those which occasion the rapid 
“ souring ” of milk not so heated, whilst avoiding the undesirable changes in 
, flavour and chemical composition which would be produced by boiling. 

f In India where milk is a staple article of diet, where epidemic disease is 

rampant and the conditions of climate so suitable for the development of all 
bacterial growth, this question should demand special attention. The milk- 
f man of India is well aware of the desirability of boiling his milk in hot weather 

^ to prevent it ‘ souring but the importance of placing the milk in a clean 

I vessel when boiled, and the dangers incurred if he does not do so, are by no 

I means present to his mind. Much might perhaps be done by instruction and 

guidance in this direction. 


* 
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In the manufacture of butter and cheese, a great many fermentation 
problems arise, which modern study has partly elucidated but many of which 
are still unsolved. In Denmark and America, where these subjects have 
been very thoroughly investigated, the bacteria which operate in the ripen- 
ing processes of butter and cheese have been isolated and identified, and pure 
cultures of these organisms are used to promote these operations just as we 
have seen pure cultures of yeasts used in alcohol production, the result 
being a very much more economical method of working and products of very 
much finer and more easily regulated flavour than those previously obtained 
by leaving the fermentation processes to more or less chance organisms. 
Research has shown too that enzymes play a very important part in the dairy, 
since they are contained in normal milk as excreted and are responsible for a 
very large part of the changes which the milk undergoes in its subsequent 
conversion into butter and cheese. The preservation of butter also demands 
as close study as that of milk, and here again not only are bacterial problems 
involved but also a consideration of enzymes, which undoubtedly play a part 
in producing rancidity. 

The bearing of these questions on Indian practice is at present 
unkuowu, but if dairying is ever to be an industry of any magnitude 
in India, and there seems no obvious reason why it should not, they 
will have to be reconsidered with regard to the special conditions 
holding in this country and the peculiar methods which native practice has 
evolved. 

The question of the preservation of milk and butter products naturally 
leads to a consideration of that of other farm products. In almost every 
farming industry it is necessary to keep some kind of produce, particularly 
cattle food, after it is gathered until it is required for use, whilst it 
is absolutely essentia] to store some crops to render them suitable for 
food at all. In the methods used for this purpose we have to deal with 
several distinct types of fermentation. On the one hand we have to 
guard against the invasion of the stored material by harmful organisms 
as in the case of milk and butter, and on the other hand we have to 
encourage certain types of both bacterial and enzymic fermentations 
which lead to the production of a more stable or more palatable food. 

The preparation of ensilage is a good example of this. This process, by 
which green fodder may be preserved for long periods without loss of 
material and without ceasing to be good food, has been evolved as an 
outcome of the necessity for storing crops obtained during the summer 
months for winter feeding. The best method of attaining the desired eml 
has been learnt by experience, It consists merely in placing the chopped 
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^reen food into large masonry towers from which all air can be excluded and 

packing it down very tightly. Only in recent years have the underlying 
principles been investigated and the procedure established on a rational basis, 
but we are probably still ignorant of many essential factors in the process. 
Originally the changes which take place in the material in the silos were at- 
tributed entirely to bacteria, it being supposed that aerobic bacteria operated 
in the hist stages until all the air was exhausted from the tightly packed 
material, and that anaerobic organisms then concluded the process and were 
actually responsible for the changes produced. Modern investigation has, 
however, shown that this is not so and has made the probability strong that the 
preservation is due to some vital activity of the plant itself, which may or may 
not be exercised through the agency of enzymes. Certain it is that foreign 
bacteria must be excluded and the material so packed that they can gain no 
access. The chemical changes which take place in the material stored are 
piofound and well merit further investigation, not only by reason of their 
theoietical interest but in order that their complete understanding may place 
us in a position to modify and adapt the method to conditions under which 
it has not yet been tried. 

Probably similar courses of action take place during the storage of 
other food products. We know of many cases in which the crops as 
obtained from the land cannot be fed d ireet, aleelr wiflinTil: imaxTa ..lei.- 
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In the previous article the fermentation of tobacco, tea and indigo were 
mentioned as types of those which must be studied. These are instances of 
true enzyme fermentations, though they were for many years considered 
dependent on bacterial action. It is not proposed to discuss them here. 
SuflScient has been said to show how wide and varied are the applications of 
fermentation studies to agriculture and the immediately kindred industries* 
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By Major W. D. GUNN, m.r.o.v.s.; 

Su2)erintendent, Ciml Vetermary Department, Madras, 

Thk Nellore breed of cattle lias a wide reputation throughout India and 
even beyond its limits. Formerly the principal breeding localities were 
situated within the Northern Taluks o£ the Nellore District of the Madras 
Presidency, but recently these taluks have been included in the new District 
of Guntur, so the cattle should not rightly be given the name of Nellore, 
but rather that of Ongole, from which tract the best specimens of the breed 
are to be obtained. 

It was formerly noticeable that cattle breeding received most attention 
in those parts of the country where circumstances of one kind or another 
were adverse to the extensive prosecution of agriculture. The cultivators 
were repeatedly deprived of the results of their labour, and were consequent- 
ly considerably harassed : they, therefore, as a substitute devoted their time 
to raising large herds of cattle of a superior kind which were then much in 
demand, and which they saved from the grasp of the officials by moving 
them from place to place. Under more secure Government, these cattle 
breeders settled down, and being a fairly wealthy class, retained their pride 
in the fine cattle in their possession, with the result that many beautiful 
specimens may now be seen in this part of the country. The very best 
examples are to be found in the villages of Karumanchi, Nidamanur, 
Pondur, Jayavaram, Tungutur and Karavadi in the Ongole Taluk, and in 
Elapalapadan, Nennurpad and the hamlets along the banks of the Musi in the 
Kandakur Taluk. Fine cattle of this breed may also be found in the Taluks 
of Vinukonda and Narsaraopet in the Kistna District. In the southern part 
of the Nellore District where wet crops are grown, the cattle are much 
inferior, not being so well cared for or fed as in the places above named. 

The system of feeding observed by the ryots of the different parts of 
this country naturally depends upon the extent of the pasturage. In the 
law-lying parts where paddy is principally grown, a certain portion of dry 
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land is often kept as a pasturage for cattle. Most of the cattle, however, 
leave the villages during September and October— the southern rainj season 
— and are sent to the Western Taluks where there are extensive waste and 
jungle tracts. Part of the working cattle will occasionally follow the other 
cattle during November and December, should the pasture land of the village 
not be sufScient, The ryots often club together and send their cattle away 
in large herds. For this purpose, prior to the departure of the cattle from 
the village, arrangements are made for renting pasture blocks at a fixed sum 
for the season (October to February), or engagements are entered into 
with the holders of the pasture farms for the pasturing of the w^hole herd 
for the season at a small fee per head for each full-grown animal. Should 
the North-East monsoon be favourable and extend till late in the season, the 
cattle are only pastured until January when the paddy is harvested, after 
which there is very fair grazing. The w^hole of the jungle grazing is not 
open to the cattle at all times, for after a heavy burst of rain, invariably 
experienced about October, the best p of the pasturage is preserved 

and kept clear of cattle for one or two months until the grass has grown up 
well, when the working cattle alone are turned in and kept thereon so 
long as the pasturage suffices, another portion being similarly kept for the 
other cattle. Towards the end of January, when the sorghum crop on the 
higher land has come into ear, the young wshoots termed Zadxi^ which are 
not likely to mature, are removed and given to the bullocks, which are often 
picketed close to the fields. Occasionally fields in the midst of cultivation 
are set apart for pasture and are planted with the black and white varieties 
of Acacia, After being under grass for ten or twelve years, the ground is 
cleared of trees and broken up for cultivation. The trees shade the ground 
and favour the growth of grass, whilst the pods form good fodder. The 
pasture land held in this way is invariably distinct for each ryot and is gene- 
rally kept exclusively for working cattle, young stock and milch cows. 

The country where the best cattle are raised is undulating highland inter- 
spersed with small hills, and is mostly composed of light red or dark alluvial 
soil, where good sorghum, other millets and legumes are raised. The 
well-to-do ryots in these parts find their pleasure and pride in raising fine 
cattle. 

There is no greater truism than that vrhich refers to the necessity of 
feeding young stock, and the very great care which the best breeders bestow 
on their young animals, both male and female, most certainly accounts for 
the well-deserved rejmtation of the Ongole cattle. The young calves are 
allowed to suckle the whole of the cows^ milk, and when they are three 
months old are given grass and a small ration of mixed grains. In every 
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The characteristics of the breed are : — i 

Face moderately long ; muzzle fine ; forehead broad ; eyes 
elliptical in shape, large and mild ; skin round the eyes is black for about 
half an inch ; ears long and drooping ; horns short and inclined to be stumpy 
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in cows tlie horns are longer than in bulls ; they are directed outwards and 
slightly backwards. 

Neck. — Short and thick. 

Well developed. 

Body, — Massive, long and deep, but some are inclined to be flat-sided. 
In fine specimens, the girth behind the hump is about 84 inches, height 
behind the hump 63 inches. - 

Back, — Of moderate length and invariably higher at the croup. 

Quarters,— ^ixong with a considerable droop. 

Sheath, — Pendulous ; cows have also a fold of skin in the position of 
the sheath. 

Tail, — Long, fine and tapering. 

Leys, — Strong and somewhat coarse. 

Feet — Large and somewhat soft looking. 

Colour, — Black and white, and pure white ; the latter is now inost 
esteemed, but formerly black and white was the predominating colour. 

Temper, — Very docile. 

The extensive pasturage obtainable in this part of the country 
is no doubt responsible in a great measure for the large cattle4)reediiig 
industry, which Government has always been careful to foster. Previous 
to 1867 a poll tax used to be levied, but in that year this was abolished in 
Nellore, and a principle was laid down for the future that, out of the waste of 
each village, an area equal to 30 per cent of the area occupied by cultivation 
should in future be reserved for common grazing, to be equally enjoyed by 
all villagers free of charge ; the surplus waste, if sufficient in e.xtent to 
make it worth while to adopt the system, may be leased out for one or two 
years at a time to the highest bidder. 

In order further to develop and encourage the breeding of good stock, 
an annual cattle show was established so far back as 1858, and continuerl 
uninterruptedly until 1871. During these twelve years a total of over 
Bs. 18,000 was distributed in prizes. The cattle show was resuscitated last 
year with most successful results, and it is doubtful whether such a large 
collection o£ bulls and cows of one breed have been brought iooether 
before in India. There were exhibited ; — 


Brahmini bulls 


■ . ,, ■■ 

... 45 

Bulls 

... . 


120 

Bull calves 



. S3 

Bullocks, single 



... 22 

Bullocks, pairs 



... SI 

Cows 


... 

... 166 



Carried over 

i 

} 
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1 


Heifers ... 
BisfFaloeSj bulls 
„ bullocks 

„ cows 

Earns ... 

Ewes 
Goats, lie 
,, sbe 


Brought forward 



... 467 
... 132 

... 1 

9 

... 6 
.. 38 
.. 3 

11 

3 

670 


Tbe heifers and young bulls were an exceedingly good lot, and it is 
most sincerely to be hoped that, with the encouragement held out by the 
Madras Government, the show will be held annually and equally well 
reprevSented. 

Great care is taken in the selection of the village bull, and the 
collection of .Bm/rm/m bulls brought into the show at Ongole consisted of 
forty-five handsome upstanding animals in splendid condition. Almost 
every village has one or two so-called Brahmini bulls, which are common 
property, having been presented by the relations of a deceased villager as 
a memorial, or by some wealthy ryot, or having been purchased by public 
subscription. Such animals are always branded with a sacred mark. 

Like all agricultural classes the ryots of the East Coast are very 
superstitious. They are usually very unwilling to exhibit a favourite cow 
owing to the influence of the Evil Eye (Drishti), A bullock whose tail 
has the root of the tuft of the hair situated above the hock is said to have 
JEru-ml and to hving ill luck. This is not objectionable in the cow. A 
bullock having w^hite hair, skin, horn and hoofs is considered of weak 
constitution and not to be purchased. A black bullock is generally consi- 
dered a rogue ; if not a rogue, he is considered of great value. The saying 

is ; A black bullock is but the fourth of a bull, but if he is guileless he is 

a bullock and a quarter.” A bullock with numerous small spots over the 
body 'Mike a deer” is considered very lucky. 

The form of the horns is supposed to indicate many things and receives 
as many names. For instance, Madahhambu means horns bent backwards, 
and is considered an excellent sign in a cow. There is an old saying 
"Let any man, who does not know how to select a cow, purchase one with 
horns bent backwards.” Straight horns are liked. Horns pointed forwards — 
Kopadi — indicate spirit. Irregular, twisted horns — Cliiiridtai — are not objected 
to. Those which appear hollow and have light coloured patches — Kalikumbu — 
are considered very disastrous. Horns with white tops — Punhumhxi — are 
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also bad* If a cow at the time of purchase voids urine, it is considered a 
very good omen, but if she passes dung it is a bad sign. The reverse is the 
case with the bullock. 

A bullock, which fails to cut the fourth pair or corner incisors, 
is called Arukatti-^Madu and is considered lucky. The saying is ; — He 
who purchases a bullock with only six permanent teeth (incisors) will 
become rich enough to purchase an elephant/’ A bullock which cuts only 
seven permanent front teeth is unlucky to its owner, and is responsible 
for the saying that He who purchases such a bullock should have the pre- 
parations for his funeral made ready.” 

Certain observances are most scrupulously carried out by both purchaser 
and seller at cattle sales and, in fact, have become unwritten law resting 
for authority on long consent. Disregard of these details in the procedure 
is seriously believed to imperil the prosperity of the owner, the seller and 
the innocent animal. The following are the prineij)al ones ; — 

(1) After the price has been fixed, the buyer hands the seller a silver 
coin, either a two-anna bit or a rupee as earnest-money. 

(2) The balance of the money may be paid at once or at any stated 
time afterwards. 

(3) The seller has to pay the purchaser a four-anna or eight-anna bit 
for what is called Maraht lahham or Patlii Vithamaln (cotton seed). It is 
intended that this money should he used by the buyer for fodder for the 
animal for that day. The purchaser is always careful to go with four-anna 
pieces in the event of the seller not having change for a rupee, 

(4) The buyer must never tie up the animal with his own rope and, 
therefore, a purchaser never carries one* 

(5) The seller must always supply the purchaser with a new rope, and 
if it is uot available, he gives the purchaser raw material which must be 
braided or twisted into a rope. The seller must never give the rope already 
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conuectioa with fche possible introduotion of a sulphuric acid industry 
into India, it is interesting to consider the scope for the use of mineral 
fertilizers in Indian agriculture. The information available upon this subject 
is summarized in the following note. 

Phosphatic manures, mostly in the form of crushed bones and superphos- 
phates, have been under trial for several years at some Government Experi- 
ment Stations. The results of sixteen years^ trials at Cawnpore give the fol- 
lowing average yields in lbs. per acre ; — 

Maize, ■ ■ Wheat. ■ 


Unmanured 

Saltpetre and bone-dust 
Saltpetre and superphosphate 


The results are discussed in detail in North-West Provinces’ Bulletin 
No. 9 of 1900. 

At the Nagpur Farm the average results have been as follows : — 


Irrigated wheat 
(11 years). 


Unirrigated wheat. 
(17 years). 


Unraanured 

Bone-dust 

Saltpetre and bone-dust 


Crushed bones have thus produced only a small increase of yield. At 
the Dumraon Farm, the use of bone-meal has increased the yield of wheat 
from lbs. 423 to 720 (average of seven years) and of paddy from lbs. 946 to 
1,412 (average of four years). 
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The best results have been obtained at the Burdwaii Farm, 
average of 14 years’ experiments on paddy is as follows : — 


No manure (14 years) ... ... 1,549 

Bone-meal, 3 raaunds (ten years) ... .. ... ... 3,663 

Do. 6 maunds do. ... ... ... ... 3,962 

Do. 9 raaunds (four years) ... ... ... ... 3,033 

Bone-meal, 3 raaunds and saltpetre 30 seers (10 years) ... ... 4,393 

Do., 4| maunds and saltpetre maund (four years) ... 2,860 

The results obtained on the farm have thus beeu exceptionally good. 
The use of bone-meal (3 maunds) and saltpetre (30 seers) has given an 
annual profit of Rs. 86 an acre in excess of an unmanured plot. This 
result is corroborated by other experiments, which show that the alluvial 
soil of the lower Ganges valley responds readily to phosphatic manures, 
particularly if applied in conjunction with organic manures. This manure 
can, therefore, be strongly recommended to the rice cultivators of Bengal, 
who should also practise green-soiling in order to get its full results. The 
bone-meal should be spread evenly over the field and thoroughly worked 
into the soil at the first and second ploughings. The saltpetre should be 
given as a top-dressing, when the seedlings are thoroughly established after 
transplantation ; in order to secure an even distribution, the saltpetre should 
be mixed with four times the quantity of powdered earth, and applied in 
two dressings with an interval of about a fortnight between each. 

At the Manjri (Poona) Farm, bone-meal and superphosphate were 
employed in a series of mauurial experiments on sugarcane, but they proved 
distinctly less useful than the organic manures employed (see Agricultural 
Ledger No. 8 of 1898). 

The general result of these experiments has then been that bone phosphate 
has not given any large increased yields of cereals except in tlie Ganges 
alluvium of Lower Bengal. This corroborates to some extent the results of 
soil analyses, which show that the available phosphoric acid is not generally 
deficient in Indian soils except in Behar and Assam. And in this connection 
it may be added that superphosphate is largely used for root crops in 
England, which are not generally grown in India. It seems improbable that 
there is any immediate prospect that superphosphate at its present price will 
come into general use as a manure under existing agricultural conditions. 
In most parts of India the soil responds more readily to nitrogenous manures, 
'^he enormous export of bones (nearly 100,000 tons a year) meams, however 
a very large drain on the soil, which must in time reciuire replacement, as it 
is not at present counterbalanced by the use of phosphatic deposits or by im- 
ports. It would, therefore, seem that in time the nitrogenous manure, s will 





MINERAL FERTiLIZERS : SLT, 


require to be supplemented by phosphates. The establishment of a sulphuric 
acid industry would alter existing conditions in favour of the use of phos- 
phatic manures by the decrease in price that would result. Phosphates occur 
in the form of apatite as a by-product of the mica mines of Chota Nagpur, but 
the output is too small to be of any importance. This phosphate has been 
tried on a small scale with poor results. Phosphatio nodules occur in large 
quantities at or near the surface in the Trichinopoly district of Madras. 
These deposits were investigated by Dr. Warth in 1892, and an analysis by 
Dr. Voelcker shows that the amount of phosphate of lime is fairly high, 
comparing favourably with Carolina and English Coprolites, but that it is not 
well suited for the manufacture of superphosphate, as the quantities of carho- 
nate of lime, iron and alumina are high, involving waste of sulphuric acid. 
It would thus probably pay neither to export nor to manufacture. It might 
be used as a slow acting fertilizer in a crushed state, but the freight charges 
by road are very heavy. It is already worked on a small scale to provide 
manure for coffee estates. The phosphate of lime found in the Christmas 
Islands, which is shipped largely to Japan, Australia and Europe for use by 
artificial fertilizer manufacturers, can be landed in bulk at Calcutta at about 
£2-10-0 per ton, but in its raw state it could hardly compete with bones at 
their present prices, making allowance for the nitrogen in the bones. 
Christmas Island phosphate might, however, be less costly than any indigenous 
material if a sulphuric acid industry could be established. The analysis of 
these materials is compared in the following table 


Apatite Hazaribagb 
mica mines (a). 


Trichinopoly 
phosphate (a), 


Christmas Island 
phosphate (b). 


Moisture 
Oi’ganic matter .. 
Lime .. 

Iron and alumina 
Alkalis, etc. 
Phosphoric acid .. 
Carbonic acid ... 
Silica ... 


Calcium phosphate 
„ carbonate 


(а) Analysis made by Dr. Leather, Imperial Agricultural Chemist. 

(б) Analysis supplied by the Director, Geological Survey of India. 


I may mention some other mineral fertilizers. Gypsum ivS found in 
large quantities in the salt range of Northern India and is locally obtainable 
in smaller quantity at several places. It deserves special notice because it is 
an antidote to certain classes of saline soils (usar or reJi), but the cost of 
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reclamation with gypsum is more than the value of the land owing to the 
heavy freight charges by road and rail. Nitrate of soda has lately been 
tried at several experiment stations, but the results are not definite. 

I have omitted to notice sulphate of ammonia because the trials of this 
chemical have been very few. Experiments upon tea with this manure were 
made by Dr. Mann, but did not give successful results. It is also improbable, 
owing to its chemical action, that it would suit the ferruginous soils of the 
Mysore plateau. It, is, however, used in enormous quantities tor sugarcane 
cultivation in Java and Mauritius, both of which, countries are importing 
into India an increasing amount of sugar, and it deserves a careful 
trial by sugarcane growers in India. A plant for the manufacture 
of ammonium sulphate has been introduced by Messrs. Wuldie & Co., 
Calcutta. Arrangements are also already well advanced for the erection 
of by-product recovery ovens in coke-making, whilst with the establishment 
of the Tata iron and steel manufacturing concern, the output of ammonium 
sulphate will be large. AiTangements are also being made for prospecting 
the copper sulphide deposits of Ohota Nagpur, and if they prove as valuable 
as is asserted by some authorities, it is probable that a large chemical and 
metallurgical industry may be started, the by-products of which will include 
sulphuric acid and ammonium sulphate. It is naturally to the interests of 
India that these should be nltilized as tar as possible in the country rather 
than exported, and the agricultural deparfcinents should make experiments to 
test their utility in cultivation, particularly that of sugarcane. 

The use of artificial fertilizers seems to be coming neax'er within the 
scope of Indian Agriculture, and the establishment of a sulphuric acid 
industry might have important results. It is the duty of the Department of 
Agriculture to anticipate such a movement by a careful trial of fertilizers at 
Government Experiment Stations. A series of experiments upon cotton 
with various manures, including superphosphate and sulphate of ammoafia, 
have been started at several Government Farms, and in time these trials 
should be extended, more particularly to sugarcane and other valuable irrigat- 
ed crops. If such fertilizers ever come into general use, the question of 
guarantee of quality will become of importance. 



ISrOTES. 



Agave Fibre in Assam. — As many inqniries are received about the 
piospects of sisa] and other agave fibres' in India, it may be of interest to 
record the impressions derived from a visit to the plantation of the 
Danracherra Fibre Company, Sylhet, Assam. The best account of the pros- 
pects of establishing an agave fibre industry in Assam is given in Mann 
and Hunter’s book '‘Sisal-Hemp Culture in the Indian Tea Districts” 
(Thackev, Spink & Co.), but this note may supplement the informa- 
tion therein given by some facts derived from later practical experience. 

The Danracherra concern is the largest fibre company in Assam, about 
1,000 acres having been planted out with agaves. There are other planta- 
tions in Assam, the total area under agaves being about 3,500 to 4,000 acres. 
At Dam acherra, most of the land is devoted to sisctL There is also some 
Mauritius hemp {Fourcroya gigantea) which grows equally well but is not 
so popular, because there is no suitable machine for its treatment on a large 
commercial scale. The machine at work at the factory is the Torruella, 
which has given complete satisfaction in the treatment of sisal, but the strain 
is too great for the weaker fibre of Mauritius hemp. All other varieties of 
agave have been discarded after trial as being in no respect equal to sisal- 
It is estimated that one Torruella machine (price £600) will treat the pro- 
duce of 600 to 800 acres of sisal. Some portions of the plantation are now 
commencing to come into full yield, and it is stated that the outturn may be 
placed at half a ton of dry fibre per acre at a low estimate. The green leaves 
yield about 4 per cent of dry fibre, of which three parts are good straight 
fibre equal to sisal from other parts of the world, whilst one part is made up 
of short uneven fibre (“tow”) fetching about one-third of the price of the 
former. 

Danracherra is situated in the valley of the Surma river, some 60 feet 
above sea-level with an average rainfall of about 80 inches. The climate is 
fairly equable wdth no intense cold or heat, whilst showers are received off 
and on almost every month. For instance in the so-called dry season, rain 
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usually falls about Christmas, and there are generally good showers from 
March onwards until the regular monsoon. The country is thus excep- 
tionally favoured for the continuous growth of vegetation, so that the sisal 
has no prolonged period of rest. 

The growth of the plants was certainly good and fairly even. It is 
planted out on the tops and sides of a succession of small hills (called teelas), 
but although the country is thus considerably broken up, the soil seems 
a fairly good loam even on the slopes and tops of these hills. The soil 
is thus nothing like as poor as the bare laterite plains of the Deccan. 
It is virgin land, which was under a dense growth of mixed forest 
before it was reclaimed. The plants are generally more advanced in 
the richer soil of the intervening valleys, but the greatest care is required to 
keep these thoroughly drained. Any water-logging is fatal to sisal. The 
percentage of fibre is somewhat smaller in the larger plants in the valleys, 
but this may be compensated for by the quicker growth. Clay soils are un- 
suitable, an open loam being the best. Shade is bad for the plants, result- 
ing in long thin leaves, which do not give such good fibre. 

The plantations have as a rule a good even stand of plants, without the 
inequality which is so marked a feature of the Hindupur Fibre Station of the 
Madras Department of Agriculture. This evenness of stand is, perhaps, 
largely due to the considerable care exercised in setting out the plantation. 
The young plants should be at least one foot high, and even larger if possible. 
All weakly plants are discarded. Suckers are preferred to plants raised 
from bulbils in tbe nursery. Pits are dug about 1 foot deep and li foot 
square. In the earlier years the plants were set out too far apart ; the most 
economical distance is now said to be 9 feet by feet by 4^ feet, /.e., two rows 
44 feet apart with 44 feet between plants in the row, and then a space of 9 feet 
for convenience in harvesting the leaves. Mann and Hunter’s book gives 
perhaps a somewhat exaggerated idea of the amount of cultivation. The land 
is not hoed nor weeded in the ordinary sense of these terms, not even close 
round the plants, but the whole area is kept clear of rank tall grass and scrub 
by cutting it down as often as is necessary. 

Crickets do a certain amount of damage by cutting off clean the hearts 
of young growing plants ; no eflfectual remedy has yet been discovered. 
There are also two or three fungus diseases which attack the leaves, but these 
have not as yet done very much real harm. It is not believed that any of 
them will become a serious pest. An account of these fungus diseases is 
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from 8 to 12 years, but it is believed that the life will be longer of plants 
the mature leaves of which are regularly cut. The plantations yield about 
two heavy or three light cuttings a year, the latter being of course a prefer- 
able method of harvesting where labour is cheap. The waste vegetable mat- 

ter from the factory is not at present utilized. ^ 

Altkough most of the plantations are as yet too young to yield definite 
results, the Company seems quite satisfied with its prospects. Whether 
equally promising preliminary prospects could be secured in other parts of 
India with less favourable conditions of soil, climate and rainfall, is a matter 
of more doubt. — (F.G.S.) 

Co-operative Experiments.— In Bulletin ifo. 3, Vol. VI, of the West 
Indies Department of Agriculture, an interesting account is given of a set of 
manurial experiments on cotton made by planters on their own estates, under 
the guidance of the Department of Agrieulture. The value of such co-opera- 
five experiments should be very real in India, provided that too much is not 
I attempted at once and that the issues under consideration are limited. In this 

* ^ case the crop experimented on was cotton, and a list of thirty-eight plots was 

drawn up. These were 1-40 acre in size, and were divided by rows of pigeon 
13eas(arhar or tuer, Cajanus mdicus)y^ whole series taking up about one 
and-a-halfacre in all. Twelve estates succeeded in carrying their experiments 
to a successful conclusion, and the results are published in detail, with ad- 
ditional figures giving the average yield of all the stations in pounds per plot 
and per acre, and the excess or otherwise per acre, due to the application of 
manures. 

The subject of co-operative experiments is no new one. As far back as 
1886, the Bath and West of England Society instituted organized co-operative 
manurial experiments of this kind. It is to be noted that the object of these 
experiments was not so much the discovery of any new manurial principles, 
but the demonstration and confirmation of lessons already deduced from ob- 
servations made at such stations as Rothamsted and Woburn. It seems likely 
that there are few other methods so efficacious in educating the farmer or 
planter to use his own judgment in the applieation of manures, and in stimu- 
lating him to carry out simple manurial tests on his own land for his own 
benefit. The general results obtained from such co-operative schemes will 
clearly indicate the general nature of the manure suitable for any crop, 
whether nitrogenous, phosphatic, potassic or combined, while a careful study 
of the variations obtained at different stations, especially if these stations ai’e 
on estates with which he is familiar, cannot fail to inculcate the importance 
of varying the manure to suit the land or the system of cropping employed, 
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This last factor is oqo of real importance, and in drawing any results 
from figures obtained in an experiment, the previoos crop and its treatment 
should always be borne in mind* 

Another point to which attention should be paid is the duplication of 
plots* It would no doubt be perfectly easy for many landowners to choose 
a site for experiments which they knew from past experience to be uniform, 
and from which results perfectly satisfactory to themselves could be drawn, 
but from a scientific point of view, the results are much more convincing 
and carry more weight with people who have had no opportunity of seeing 
the experiment, if some or all of the plots are checked by this method. 

With regard to size, the plots should not be smaller than 1-20 of an 
acre, and might with advantage be larger. Care should be taken to keep 
the plots quite separate, and in the case of a crop like sugarcane it might be 
well to manure say twelve rows, but to cut and weigh only ten, disregarding 
the outside rows as being influenced by neighbouring plots* The manures 
chosen should be such that one or more definite issues are raised which may 
be answered directly by the results obtained. Thus the relative value of 
nitrate of soda and sulphate of ammonia for a certain crop could easily be 
decided by laying out a four-plot test as follows 


Complete manure, con> 
taining nitrate of soda. 


Complete manure, con- 
taining sulphate of 
ammonia. 


No manure. 


No manure. 


and a definite answer to this enquiry would be obtained. The quantity of 
a given manure which it is profitable to apply might be discovered by 
manuring a large plot with the other constituents of a complete manure, and 
then dividing it into strips on which the quantity of the manure under 
consideration might be varied. 

We recognize that in many cases Indian conditions are not favourable 
to tests of this character : the small size of holdings and the character of 
the cultivators in some cases prevent the adoption of such a system ; but 
where conditions are favourable, provincial departments should be able to 
draw up simple schemes of manurial tests on selected crops, which should 
furnish valuable results under a system of careful sufjorvision by the 
agricultural staff. — (R. U. W.) 


Jute ExPKRiMiflNT.— The Bengal Department of Agriculture has issued 
a leaflet giving the results of the jute experiments conducted last year at the 
Biirdwan Government Farm. These include trials with different manures, 
cutting the crop at different stages of growth, testing numerous varieties, 
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spacng the pknl, ai varying infervafa, ,„,ri„g bro.Jcasl or in drill, and 
sowmg seed obla.ned from an ordinary orop and that obtained from a’oron 
grown mnoh more thinly for seed pnrposes only. The eaperimonls ha," 
on y been .n progress for a eonple of years, so that reliable resnit, cannot 
yet be eapected ; but so far as they have gone, they mostly oonfirni the 
praofces ordinarily followed by jnte enitivators. A matnre oroi. oav, a 
arger onttnrn of Bbr, than a crop out at an earlier stage, but the quality of 
the fibre is not given. Oowdnng gave better results than all the other 
manures, which included castorKiafce, bone meal and saltpetre. This confirms 
the general conclusion obtained from esperiments with other crops that the 
Ganges aHuvial soil is deficient in organic mailer. We should like to see a 
p 0 added in order to test the effect of the application of phosphates in 
combiuabcn with organic mailer, which has been very successful with other 
crops. Sowing m linos four inches apart gave better results than sowinc at 
mder distances and than broadcasting. The testing of varieties has noAel 
given definite results.— (P. G. S.). 

EaXTBNSiON OF Jdte CULTIVATION. — The first experimental trials of jute 
in the Godavari delta of Madras and in the Central Provinces have not 
been successful. In both cases, the failure seems to be mainly due to 
the same cause— the waterlogging of the plots in the early stages of 
growth. The young jute plants were damaged by the plots being kept 
under water. Whilst jute will tolerate prolonged flooding in the later 
stages of giowth, it is very sensitive to an excess of water in its young 
stages even in Bengal. This error will be avoided in the present year’s 
trials. Trials on a commercial scale will also be made by a Madras firm 
at Rajahmundry in the Godavari district. The Eastern Bengal and Assam 
Department of Agriculture have, further, arranged a scheme for the exten- 
sion of jnte cultivation to the upper districts of Assam. Mr. Finlow, b.sc.. 
Jute Specialist, has completed a tour in the Bombay and Madras Presi- 
dencies and the Centi*al Provinces, in order to investigate the possibilities 
of the extension of jute cultivation in those parts. His report, which will 
shortly be published, should give much valuable information about this 
important subject. There is little doubt that the present demand for jute is 
in excess of the supply, and several countries are now endeavouring to 
introduce the crop, notably Java and West Africa. The Inspector-General 
of Agriculture has recently supplied 5,000 lbs. of seed to the Colonial 
OfiSce for trial in West Africa. If India is to retain her monopoly of the 
world’s supply of jnte, it seems clear that there must be a considerable 
extension of cultivation. — (F. G. S.) 
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Selection and .Disinfection of Sugarcane Cuttings.— Some useful in- 
structions are given in Bulletin No. 1 of tbe Hawaiaii Sugar Planters’ Experi- 
ment Station regarding the selection and treatment of sugarcane sets used for 
planting. There is probably no part in the whole operation of the cultivation 
of sugarcane, where a little time can be so profitably spent as in the inspection 
and disinfection of the cuttings to be employed for seed. The maxim, the 
best is none too good for seed ” is a true one, and though on many estates 
the loss from disease may be small, and the extra expense of careful super- 
vision not fully justified, yet our knowledge of many of the diseases of 
cane is so slight, and their attacks are often so insidious, that the omission of 
such precautions is always a risky proceeding. 

Firstly, then, every cane planter should become thoroughly familiar with 
the appearance of healthy specimens of the variety to be planted ; every 
cane that shows any departure from this should be unhesitatingly condemned. 
There is no doubt that this rule will in many cases act so as to exclude 
the greater number of the cuttings ; but even if this is the ease, the inclusion 
of any such canes in the seed is fraught wuth the danger of propagating 
the disease. Special attention should also be paid to the area from which 
the seed canes are cut ; this should be from the healthiest field on the estate 
and should be carefully inspected previous to harvesting, care being taken 
to remove all patches which are stunted or poorer in any way than the 
surrounding crop. 

There is the greatest need for the exercise of care in this respect in 
Behar, since it has been established that one of the chief modes of propaga- 
tion of the disease known as red rot or red smut (the so-called rind disease” 
of the West Indies) is by the planting of sets already containing the fungus. 
When the parasite is present in the sets, its existence is generally betrayed 
by a reddening of the tissues which can easily be seen at the cut ends. 
Every set showing such reddening should be discarded. Some twenty-five 
cane varieties from all parts of India have been grown at Pusa for the last 
two years and treated in this manner, with the result that red rot has 
practically disappeared from all but two. It is not suggested that this is the 
only method of propagating the disease, but in Behar it is by far the most 
important, and selection of cuttings should become established as a routine 
practice in sugar planting. 

Having thus taken all precautions to obtain healthy cuttings attention 
must be given to the methods available to prevent their infection while in 
the ground. The cane is provided with a hard cuticle which is an effectual 
barrier against the entrance of fungus, but the cut ends expose it to a risk 
of infection. To minimise this, the out ends should be as clean as possible : 


m 
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the knife used should be sharp, and the cut should be given with a slicing 
.notion as thereby the shattering of the cut ends isavoided. Care should be 
taken to give each eye as much cane as possible upon which to draw for its 
nourishment in its early growth. 

The canes may now be disinfected with various mixtures of eoppei-, such 
as Bordeaux Mixture or pure copper sulphate solution ; this will effectually 
prevent the growth of any fungus spore which may come in contact with 
the cut end. Here again we see the importance of having a clean-cut end ; 

for ifa shattered eiid is dipped in the liquid, air bubbles are enclosed in the’ 

fractures, and portions of the surface are left untreated and thus offer an 
open door to tlie attacks of fiins'iis. 

It will thus be seen that the production of good seed is the result of the 
observance of a number of details each in themselves insignificant. The net 
result, however, may often prove to be the diffei-ence in value between 
a healthy and a diseased crop of cane.— (E. C. W.) 

■ ■ ■:» 

Cotton Cultivation IN Bubma. — A report on cotton cultivation in 
Burma, recently published by the Department of Agriculture, discusses in 
considerable detail the possibilities of the extension and improvement of 

cotton in that country. It has been urged by some authorities in England 
that Upper Burma is a most promising country for the growth of long 
staple cotton, but this report does not hold out much prospects of success. 
Cotton is already a well-known crop in the dry zone of Upper Burma, but 
the area averages only some 150,000 acres and shows no tendency to 
increase. The principal variety is similar to that grown in Bengal, from which 
country it is believed to originate, and produces only coarse lint about equal 
to ‘‘ Fine Bengals.” The best of the crop is carried by road across the 
Chinese border, but the bulk of the exports go by sea to Japan, China and 
India. As a rule, it is only the poor land that is put down to cotton, for it 
is not such a paying crop as many others. The rainfall is notoriously 
precarious ; in some years the cotton is damaged by heavy falls, whilst in others 
it suffers from drought. In the principal cotton-growing tract around 
Myingyan, late rains often spoil the crop just before it is ready for picking, 
whilst in Prome cold cloudy weather about Christmas time injures the 
flowers. The crop receives little attention, the methods of cultivation beino- 
very primitive ; the seed is scattered broadcast, thinning and weeding are 
done very sparingly, so that good yields can hardly be expected. The short 
supply of labour and the consequent high wages are a great handicap against 
cotton, which requires a good deal of cheap labour. The want of good 
communications also prevents any considerable cultivation of such a bulky 
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crop, which demands cheap means of transport. For these reasons, the 
Burma Department of Agriculture rightly concludes that under existing 
conditions there is little prospect of the extension of cotton cultivation in 
Burma. 

The Government of India consider, however, that the conditions would 
be considerably altered if the quality of tlye lint could be largely improved 
and the yield increased. With larger profits from cotton cultivation, many of 
the difficulties now experienced would disappear. So far as climatic conditions 
are concerned, there seems prima facie nothing to prevent the growth of 
finer varieties. The possibilities of growing Egyptian and other long-staple 
cottons under irrigation should not be neglected, for such a crop, if suc- 
cessful, should be able to compete with rice. There are thus many matters 
which require to be settled by experimental work by the Department of 
Agriculture, before it can be definitely stated that fine staple cottoii cannot 
be profitably grown in Upper Burma. 

The report contains some information concerning the so-called 
Pernambuco” variety of cotton, which is a perennial tree-cotton with kidney 
seed, producing fine silky lint of good quality. Owing to some high valua- 
tions of this cotton, it has attracted more public notice than it seems to 
deserve. It is not at present grown as a field crop, a few scattered plants 
being found in some house-gardens of villages. There seems to be nothing to 
distinguish this variety from the similar plants found under the same con- 
ditions in many parts of India, the superiority of the lint being probably 
due to the favourable climatic conditions along the sea-coast in Tenasserim. 
Experiment has yet to show whether it can be successfully grown as a field 
crop. — (F. G. S.) 

The Effect of Ammonia Salts in certain Experiments in England. — 
One of the most famous agricultural experiment stations is that situated on 
the Duke of Bedford’s Estate at Woburn in England, which is controlled 
by the Royal Agricultural Society of England. Among the numerous ex- 
periments conducted there, is one in which wheat on one set of plots, and 
barley on another, are cultivated every year. For each crop there are eleven 
principal plots (some of which are subdivided), and each of these plots is 
treated and mannred in one or other special manner every year. In the 
present instance we are concerned with those plots only on which ammonia 
salts have been applied. The experiment has been in progress for thirty years, 
and until upwards of twenty years had elapsed, nothing unusual was noticeable 
in regard to either of the crops. About this period, however, the barley 
commenced to fail on the plots manured with ammonia salts, and the decline 
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cinriiig the sacceediiig years was very rapid, cahniiiatiug in absolute failure. 
The wheat has been affected in a less degree. Obviously in such a case, the 
question arises whether this result is attributable to the fertilizer or to some 
special feature of the soil or to both combined. The ammonia salts employed 
have consisted of equal parts of the chloride and sulphate, containing 50 lbs. 
or 100 lbs. of ammonia per acre per annum on different plots. It may be 
stated at once that, although the chloride (muriate) is not commonly used 
for this purpose, the sulphate finds a very wide and indeed general applica- 
tion ill Europe and America, and this fact alone must negative any suggestion 
that sulphate of ammonia is of doubtful utility. Another useful piece of 
evidence in this connection is the fact that these two salts have been employed 
in a precisely similar manner for wheat and barley at the Rothamsted 
Experiment Station for over sixty years ; they have been added to the same 
plots of land year after year over this long period, and here both the 
wheat and barley continue to grow in a normal manner. The evidence, 
therefore, goes to show that the effects which have been experienced at 
Wobinn must not be attributed simply to an evil effect of the ammonia 
salts. 

As a matter of fact one suggestion occurs almost immediately to those 
who study the chemistry of soils and manures. It is well known that the 
ammonia of these salts is changed in the soil through bacterial agency into 
an altogether different substance, namely, nitric acid. Such a substance, 
however, will not remain a free acid if it is in contact with any of the opposite 
class of substances, namely bases, so that if the latter are present in the soil 
in sufficient amount, the nitric acid enters into a state of combination with 
one or other of these bases and forms a salt, one or other of the nitrates 
in fact. 

A second point to notice is the fact that so soon as the ammonia suffers 
the change described, the acid — sulphuric acid and hydrochloric acid in the 
salts used at Woburn and Rothamsted — with which it was combined, is also 
set free, and, like the nitric acid, will combine with bases which may be 
present to form new salts. Thus there is on both hands a requirement of 
base year by year. The base usually most readily at hand in the soil, and 
indeed the one most desirable, from the agricultural point of view, is lime. 
The quantity involved in any one year is quite nominal. The ammonia 
salts employed at Woburn would occasion the neutralization of only some 
two or three hundred pounds of slaked lime per acre. On the other hand, 
soils contain generally 50 or 100 or more times this quantity. But if these 
salts are applied to land year by year, and if at the same time the whole 
quantity of lime present in the soil is only small, then the ultimate effect 
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will be a serious reduction of the free lime present, followed also by the 
natural consequence that the crops will suffer. Unlike the Rothamsted soil 
which contains a liberal amount of lime, the Woburn soil contains only a 
small quantity, and the continued application of the ammonia salts over a 
long series of years reduced this to a seriously small amount. The obvious 
preventive course is periodically to add some lime to such soils. This was 
pursued at Woburn. To one-half of each of the affected plots some lime, 
two tons per acre, was applied in 1897, and almo.st immediately the crops 
became normal. The figures (bushels of corn per acre) are so interesting 
that those for the last few years may be quoted. 


Wheat, 


2a Ammonia salts 

2b Ammonia salts and lime 


Bakley 


Ammonia salts 
Ammonia salts and lime 
Ammonia salts and superphos- 
phates ... 

I Ditto and lime 


Lime was applied in 1897 to the h half plots, and a glance at the out- 
turns shows how effective this .single dose has been. It has, indeed, proved a 
perfect cure for the evil. A cautionary word must be added to avoid 
misconception. Whilst liming the laud is a usual way of supplying sulphate 
of ammonia with the b.ase it requires, it would not answer the purpose at all 
to mis the two substances together previous to being used on (he laud, for 
the effect of this would be the liberation of the ammonia into the atmosphere, 
whereas we require it in the soil. The lime, if it is r&piired at all, should be 
put on the laud at an entirely different time from that when the sulphate of 
ammonia is used. Lime is best applied when land is being rough ploughed 
after a crop has been harvested, whereas sulphate of ammonia .should be 
put into the soil either at the time of sowing or after the ero}> has grown two 
or three inches high. — (J. W. L.) 


Experiments in thj3 Oclttvation of Dates. — A 
))een made for starting experiments in the cultivatioi; 
{Phamix dactylifera) in the province of Sindh. There ha 
many experiments for the introduction of date cultivation 
India, but these have almost invariably ended in failure, 
of the reports of the experiments shows that the.se failur 
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resulted either troni the trials being made in localities where the climate is 
clearly unsuitable or from incorrect methods of cultivation. There is reason 
to hope that success may be achieved in Sindh. The climate should suit the 
edible date. Sindh is situated on the isotherm characteristic of this plant ; 
it is practically a rainless tract and experiences the intense dry heat in which 
the date oaturally flourishes. The canals can supply ample water for irriga- 
tion, and the drainage is good. Above all, inferior varieties of date are already 
successfully grown. Arrangements have been made for obtaining offsets 
of all the best varieties of date from Egypt, Morocco, Algeria, Tunis and 
Persia, which will be tried exp>erimentally in Sindh under the supervision of 
Mr. Fletcher, jj.sc., Deputy Director of Agriculture, Bombay, who has 
practical experience of the Egyptian methods of date cultivation. There are 
thus reasons to hope that this trial will be more successful than those made 
in the past.— (F, Gr. S.) 


New Experiment Stations in Madras.— The Madras Department of 
Agriculture has arranged to start a new experiment station at Attur in the 
Ohingleput district. The site selected was originally acquired as a, pumping 
station to determine the quantify of water which could be obtained from a 
well sunk on the margin of a sandy river like the Palur and to ascertain the 
best motor and pump for lifting the water. The supply of water in the well 
sunk on the river bank has been found to be unsatisfactory for irrigation on 
a large scale. It has now been decided to devote the land to the thorough 
trial of perennial and exotic cottons under irrigation and to the growth of 
fodder crops, the want of which is a noteworthy agricultural defect in the 
Chingleput district. Arrangements have also been made to start another 
new experiment station at Nandyal in the Kurnool district. This will 
mainly be devoted to the study of the varieties of cotton known as 
Northerns ’ and their improvement by selection and cross-breeding. It 
is also proposed to study the sorghum crop of the Nandyal valley, and 
possibly to introduce new varieties of indigo as a leguminous crop for 
rotation purposes. — (F. G. B.) 


Formaline Treatment of Oat Smut. — For the prevention of oat 
smut, commercial formaline, which is a solution of about forty per cent, 
strength of formaldehyde, has of recent years been found remarkably useful, 
possessing some advantages over the more commonly employed copper sul- 
phate. Some experiments to test its effect were carried out lust year at 
Debra Dun, where the disease is severe and causevS an appreciable loss 
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annually to cultivators, the locality being one of the few parts of the United 
Provinces where oats are largely grown. 

The extent of the disease was estimated on a number of fields, both by 
calculating the actual number of ears smutted per acre from actual counts 
in measured areas, and also by ascertaining the percentage of smutted to 
healthy ears. It \vas found that about 180,000 ears per acre were lost on an 
average in the fields examined, and that the percentage of smutted ears to 
healthy averaged ten and-a-half. 

Four plots of about one-tenth of an acre each were sown. In one of 
these the seed was untreated. A second was sown with seed which had been 
soaked for four hours in formaline of a strength of one ounce to two and-a- 
half gallons of water (or one-tenth per cent, formaldehyde). A third re- 
ceived seed soaked in one-half per cent, copper sulphate for twenty-four 
hours, and a fourth was similarly treated with one per cent copper sulphate. 

The germination of the plot treated with formaline was the best, both 
the copper treatments resulting in injury in this respect. The results as 
regards the degree of smut which appeared as the crop ripened were as 
follows : — 


Plot IV 
1% copper 
sulphate. 


Plot I 
untreated 


Number of smutted ears estimated 
to the acre ... 


The formaline treatment was the most successful and gave a good crop, 
slightly better than the untreated plot. The crop on Plot HI was only 
moderate, while Plot IV was distinctly poor. This was due to the long 
soaking in copper sulphate, which injured germination. Even with this 
long treatment the amount of smut in Plot III was nearly twice as much as 
in the formaline plot, while Plot IV had only slightly less smut than Plot 
II, and had it contained the same number of plants would no doubt have 
had proportionally more smut. 

As regards convenience of treatment, formaline is the best, for it need 
only be poured into water and stirred with a stick when it is immediately 
ready for use. Ten gallons of the solution, requiring four ounces of 
formaline, is sufficient to treat enough seed for one acre. With copper 
sulphate, on the other hand, the blue-stone must be dissolved in the water, 
which takes some time. Formaline may be used in any sort of vessel, 
whereas copper sulphate must not be placed in an iron one. 
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The formaline treatment is more 
about four annas an acre. On a large 
for the same solution may be used 
profit resulting from the treatment is 
that the slightly greater cost of formaline 
makes very little difference, 
formaline plot was about 


-.V., on a small scale 

I cost can be much reduced, 
several batches of seed. The 
so considerable where smut is severe 
as compared with copper sulphate 
In Dehra Dun the extra yield from the 
one seer in ten.— (E. J. B.) 


A Baddy Disease in the United States. 
are not numerous in any country and are r 
{Ustilago in Tinnevelly, and a leaf spo 

Bengal have been from time to time reported, bi 
impoitance. A disease locally known as chatTCi c 
considerable amount of damage in several distri 
unknown, but it is allied to the destructive “ bms 
number ot the f't'opical AgriculticTist, mention 
disease w^hich has broken out in the rice-growing 
in the United States. The variety of rice chiefly 
as “ Carolina Golden,” which commands a faa 
markets. In letters quoted from Mr. David G. Fail 


tvBD itOT OF bOGAKCANB.— ihis disease was exceptionally- prevalent in 
Behar last year in estates which are still growing susceptible varieties. This 
appears to have been due to the unfavourable season experienced. It is stated 
that the severe cold of February, 1905, led to weak germination of the tops 
cut from those fields which had been kept for late seed. This was followed 
by the floods of August and September. A moist soil, due to insuflSeient 
drainage or prolonged floods, greatly favours the growth of the fungus 
Colletotrichum falcatum, to which red rot is due, and from October on the 
disease became more and more marked. There is little doubt that the 
parasite was already present in a considerable proportion of the seed used 
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latter halt of the year led to the outbreak experienced. With the possibility 
of such unfavourable years, it is important to see that only thoroughly 
reliable cane varieties are grown on a large scale. Several of the varieties now 
grown have shown their liability to disease, and even where one of these 
has been successful for some seasons on a particular estate, the danger of a 
large amount of disease appearing in an unfavourable season is so great that 
it cannot pay to continue to grow it. — (E. J. B.) 

Extension of Potato Disease. — The gradual extension of potato 
disease (Plu/iophthora mfestans) to parts of the world hitherto free still 
continues, though more than sixty years have elapsed since the first great 
outbreak in Europe and North America. The disease is supposed to 
have spread in the first instance from f 'hili, the original home of the potato. 
For many years Australasia remained free from it. About thirteen years 
ago, however, a mild outbreak occurred at Auckland in New Zealand. 
Nothing was heard of it again until 1904-5, when an epidemic occiirred which 
is described in the last Annual Report of the Department of Agriculture 
in New Zealand, and is estimated to have co.st the colony over £150,000. 
Prompt steps have been taken by the Department to introduce spraying, and 
it is anticipated that a vigorous campaign will be undertaken to stump it out. 
The importation of clean seed from Australia, where the disease is believed 
not to occur, is also recommended. — (E. J. B.) 


Diseases of Rubber Treks. — The Para-rubber tree (I/erm hnizi-- 
liensis) is attacked by a canker caused by a fungus of the genus Necftia^ 
an account of which was ]uiblished in VoL II, No. 29 of the Circulars of 
the Royal Botanic Gardens in Ceylon. The same disease is reported from 
one of the Burma rubber plantations, and the Nectria has been discovered 
ill the cankers. Its treatment, which recpiires to be carried out systematically 
for several years, is to cut out the cankered parts and burn them. This 
should be done in sunny weather and when the trees are leafless. Gasiilloa 
eladica, the growth of which is said to be extending in South India, is subject 
to a more serious disease than the canker. Fortunately, it is probably 
confiiiied to a small area as yet. This is the work of a DIplodia fungus 
which invades the entire woody parts of the tree, completely killing it. 
The only method of treatment is to uproot and burn the trees, so as to jirevent 
spore-formation by the fungus, and thus save adjacent trees from infection. 
Though a. drastic method, there should be no hesitation in (unploying it 
where disease appears, for the affected trees are useless and a source of great 
danger to their neighbours* Rubber planters who are wideawake may 
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be able, by taking prompt steps on the appearance of these dii 
stamp them out before they obtain a hold. In these, as in nn 
cases of disease, early attack is half the battlf>._tE .T Tl ^ 


biSAL Hemp Disease. — A disease of cultivated Agaves, caused by the 
fungus Colletotrichum Agaves, is described by Mr. Hedgcock in the 16th 
Report of the Missouri Botanic Garden. The same fungus has been found 
in several parts of India, and the disease which it produces has been a cause 
of some alarm on sisal estates. In America it has not been known to 
attack sisal, but m India it often does so. The older leaves are first attacked 
small sunken patches appearing where the fungus has entered. These turn 
brown and dry up in the centre, while they spread at the margin. In the 
dried-up parts, spores are produced in little black clumps, which blow about 
and infect healthy leaves. This fungus has also been found on several 

occasions associated with the much more serious sisal disease in which the 
tips of the leaves wither from just under the thorn to half their length 

or more. In both cases the treatment is the same. All diseased leaves 


Analysis of Rubbek. — The Imperial Institute proposes to undertake, 
during the current year, the examination of samples of rubbers from India. 
Samples of rubber of any importance will be examined chemically and 
also sent to brokers for valuation. Special attention will be given to 
Fk-us elastica vrith the object of ascertaining if the produce of the Govern- 
ment plantations cun be improved. In order to stimulate interest in the 
development of rubber planting in India, it is suggested that samples of 
rubber obtainable from the various Indian plantations, on which Para, 
Geara and Castilloa rubbers are being tried, should be sent to the Imperial 
Institute for examination and valuation. All samples should be sent to 
the Reporter on Economic Products, Indian Museum, Calcutta, for transmis- 
sion to the Imperial Institute. — (P. G. 8.) 


Testing of Fibres. — Arrangements have now been made in the 
laboratory attached to the ofiSce of the Reporter on Economic Products, 
Indian Museum, Oalcuttsi, for testing the strength of samples of Indian 
fibres. Where a complete examination is required, samples -will continue 
to be sent to the Imperial Institute for analysis. The Reporter on Economic 
Products is also interesting himself in the improved preparation of Agave 
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of brush fibres that could be produced iu India, 


Java Indigo SEBD.—The substitution of the old 
su7natrana) by the new and more 
been attended by a serious difficulty 
This has been found due to 
hi oh does not allow of the penetration of 
g the past two or three years 
process in specially constructed 
hereby the hard coat is sufficiently deeply scratched to allow 

ed perfectly satisfactory, but is 

neces- 


The Germination of 
variety of indigo grown in Behar {Ind. 
valuable Java variety {IncL urrecta) hiis 
in the poor germination capacity ot its seed 
the existence of a hard seed-coat, w 
moisture. The difficulty has been met dnrin 
by submitting the seed to a scarifying 
machines, w' 

water to penetrate. This treatment has prov 

somewhat difficult of application, due to the mechanical adjustments 
sary in the machine to px'oduce the most efficient results. 

It has recently been found that the same end can be attained more 
simply, with more certainty of success, and at no greater cost (having 
regard to the price of the scarifying machine and its uncertainty of action) 
by treating the seed with strong siilpliuric acid. This is accomplished as 
follows: — The seed to be treated is placed in a large water-tight wooden 
vessel, and undiluted commercial sulphuric acid is poured over it and 
stirred in with a wooden or iron instrument until every seed is wet ; it is 
then left for the action to proceed for exactly half an hour. At the end of 
this time, a large quantity of clean cold water is rapidly poured on to the 
seed, which is thoroughly stirred meanwhile. The seed is then allowed to 
settle to the bottom of the vessel and the water poured off. A fresh supply 
of clean water is then added and the seed thoroughly washed and the water 
poured off as before. This is repeated a third time, after which the seed 
should be free from acid. It is then spread out in the sun to dry and is 
ready for sowing. The proportions of substancCvS used for the treatment, 
which should be strictly adhered to, are as follows : — 

Seed ... .,.4 lawnid. 

Acid . ... ' ... 20 seers* 

Water , ... 20 gallons (for each waaMug). 

It is not recommended to treat more than j muund of seed at a time. 



NOTES. 

The method has the advantages that all bad, hollow 
impurities float up, and may be poured off dnrintr the wi 
and the appearance of the seed is very considerably imp, 
advisable to keep treated seed through the rains unless it 
tins, as it is liable to deteriorate. 

The method may be applicable to other “ hard ” seeds 
cases are known to occur. — tO. B.! 


Rubber Experiments in Bombay.— Arrangements have been made to 
test some rubber-yielding plants in parts of the Bombay Presidency. These 
will form the subject of special study at the Bassein Botanical Garden. Two 
experimental plantations of about ten acres each will also be started by 
the Forest Department in the Kanara district with para-rubber {Hema 
hraziliensis), but the Conservator of Forests is sceptical of success owing to 
the climatic conditions being unlike those obtaining in countries where this 
tree thrives. Some promising trials of Ficus elastica, the rubber tree of 
Assam, are in progress at Belgaum. — (F. G. S.) 


Potato Cultivation. — Mr. J. G. Stewart gives some useful informa- 
tion on this subject in the April number of the Journal of the Board of 
Agriculture. In discussing the selection o£ potato seed for yield, he says 
that two kinds of small potatoes must be considered ; first, the late formed 
tubers of strong, robust plants ; and secondly, the produce of plants of low 
variety. He considers that quite satisfactory results can be obtained from 
the former, as the tubers are small simply on account of their not having 
had sufficient time to reach full size, but with regard to those produced 
from poor plants, only inferior tubers can be expected. He thinks too that 
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if seed from the same stock is used for a number of years in succession, 
there will be an ever increasing produce of inferior tubers, and that this 
should be avoided. Experiments show that whole tubers about the size 
of a hen’s egg generally prove the most profitable, and that it is unwise 
to make good a deficiency by cutting seed-size tubers. No reduction in 
yield need be feared from sets obtained by cutting bigger tubers. These, 
however, should more appropriately be used for market purposes. 

If cutting is resorted to, the sets should be planted and covered with 
as little delay as possible. Exposure even for a short period may reduce 
materially the yield from cut sets. Should it however be necessary to cut 
seed some days in advance, it is advisable to dip them at once into finely- 
powdered lime. The effect of the lime is to form a ‘Scab’ over the wet 
surface of the set, which prevents, or at any rate considerably retards, 
evaporation of moisture. 

He then discusses the merits of storing seed in boxes commonly called 
‘boxing’ the seed, as against ‘pieing’ or storing it in heaps or pies. He 
advocates ‘ boxing, ’ especially %vhere early varieties have to be deaU with, 
and shows that this method gave a considerable gain over ‘ pieing.’ It more- 
over minimises the damage to sprouts, and the destruction of the seed by- 
rotting, which often takes place to a large extent in ‘pies,’ In India 
‘ pieing ’ is entirely out of the question, as the potatoes would at once 
‘beat’ and rot. Thev are usually stored under shelter in single layers 


NOTES. 



Mr. Stewart clisenssea the difference in results obtained from mature and 
immature seed. In 1904 lie obtained seed m &n immature state by liftino- 
the potatoes while the tops were still green and the skin of the tubers tendeit 
For mature seed the same varieties were lifted at the usual time, when the tops 
were quite dead and tlie skins of the tubers tough. He obtained a very 
slight advantage from the use of immature seed produced in this way. He 
found that it could best be obtained by planting a late patch of potatoes. 
The produce from such a plot was mostly composed of ‘seed’ and ‘small, ’ 
well adapted for seed purposes. The explanation given for the better results 
from immature seed, is that “they may contain more innate vigour than a 
small yet fully-matured potato not yet arrived at its full growth.” 

Mr. Stewart also deals with the choice of varieties, the use of fertilizers 
and other matters, but as his remarks do not apply to the conditions 
obtaining in this country, reference to them has been omitted.— tB. 0.) 


Bare Fallows.— Professor A. D. Hall, of Rothamsted, has a very 
interesting note on this subject in the Journal of the Board of Agriculture 
for April 1906. It appears from his account that the practice of taking a 
bare fallow as a preparation for wheat was at one time an almost universal 
custom in farming. It was said to have been introduced into the British 
Isles by the Romans, and in mediseval times the only rotation consisted of 
wheat, barley, fallow, with beans instead of barley on the stronger lands. 
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Percentage of Water in pine soil 


Cropped 


1st depth of 9 inches 
2nd do. do. 

3rd do. do. 

4th do. do. 


The chief gain, however, from a summer fallow lies in the way nitrates 
are made and stored up in the soil for the benefit of the ensuing crop. The 
Rothainsted experiments illustrate the increase thus produced : 


Wheat every year. 


Wheat after fallow 


Straw, 


Grain, 


Straw. 


Bushels, 


Bushel: 


Average crop per acre per 
annum, 1^6—1902 


It should, however, be observed that as the benefit of fallowing depends 
upon the formation of nitrates during the summer and their retention for 
the nest crop, it follows that heavy rain during the winter may wash them 
entirely away and leave the land no richer. When followed by a dry 
autumn, the fallowing may produce an increase of more than half in the 
ensuing crop, whereas if the winter be wet, the increase is little or nothing. 

Thus in England the summer fallows are only likely to be of direct 
benefit to the next crop where the climate is dry and no great amount of 
percolation takes place through the soil in the winter. Professor Hall adds 
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an example to Ajhow liow much more advantageous it is to grow a cIov(3r crop 
in the place ot a bare fallow, and concludes his remarks by saying that a 
bare tallow can never be a directly profitable operation, and has no justifica- 
tion on free working land. But with strong clays in dry climates, it may 
often be necessary to clean the land and restore its friable texture ; on such 
soils too there is least likelihood of loss through washing out of reserves of 
nitrogen which have been rendered available by the process.’’ 

Ihese conclusions are no doubt entirely correct as regards England, 
but it may i)e worth while to consider tlie results of fallowing in India. 
The chief gain in fallowing is no doubt due to the same causes in India as in 
England, namely, the conversion of nitrogenous material into nitrates by 
the action of bacteria. This action is carried out in India under verv much 
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action of fallows in India has yet to be made, there can be little doubt as to 
their valne, and they supply strong evidence of the importance of the bio- 
logical study of soils, a subject which is beginning to attract the attention of 
many. — (B, 0.) 

■■ » ' *• 

Pbtjit IN THE North-West Frontier Province. — Some interesting 
information has been received from the Revenue {commissioner concerning the 
fruit cpltivation and trade of the North-IVest Frontier Province. The 
total area under fruit orchards is estimated at some 4,000 acres, of wliieh no 
less than 2,700 acres are situated in the Peshawar district. The chief varieties 
of fruit grown in the >several districts are : — 


Peshawar 

Hazara 

Kohat 

Kurram 

Bannu 

Dera Ismail Khan 
Tochi 


Kind of Fruit grown. 

... Grapes, peaches, Orleans plums {aluc/iu), qrunce.s, pears, 
hg.s, pomegranates, water-melons. 

... Apricots, loquats, 

... Grapes. 

... Grapes, ifkatil (a kind of peach). 

... Grapes, figs, dates. 

... Figs, pomegranates, date.s. 

... Mulberry. 


The produce of the last four districts is generally consumed locally, 
owing to their isolation from the railway. .Dates from Dera Ismail Khan, 
however, find a market in Multan and other neighbouring districts. Apricots 
from Hazara and grapes from Kohat are sent to short distances as far as 
Rawalpindi and sometimes to Lahore. The only district, therefore, which 
exports fruit in considerable quantities is Peshawar. 

The system of fruit cultivation is crude, quantity and not (piality being 
the only object aimed at. An occasional groiver has attempted to introduce 
improved varieties. Pomegranate is the fruit most extensively cultivated, and 
the Peshawar pomegranate is now considered to be superior in qualitv 
even to that of Jelalabad. However, it hardly justifies its local name of 
Bedmia (seedless). The principal varieties of grapes are Bedana white 
and Bedana black with round berries, and Ihimini with long oval berries. 
The two former are most liked for the export trade. 

The annual exports of fresh fruits from Peshawar are estimated in 
maunds at pomegranates, 37,500 ; quinces and pears, 37,500 ; grapes, 4,500 ; 
peaches, 4,500 ; Orleans plums, 1,500 ; total, 85,500 maunds (3,130 tons ). 
P omegranates are exported to the whole of India and as far as Rangoon , 
quinces are mostly consumed in the Punjab, whilst pears go to Rangoon ; 
the export of grapes and peaches is generally limited to Northern India; 
a small quantity only being sent to Calcutta, as they do not keep longer 
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than about five days ; for the same reason, plums are mostly exported to 
the Punjab, only selected fruit being despatched to Calcutta. The whole 
of the fresh fruit exported is not the produce of the North-West Frontier 
Province. A considerable portion of the transborder fruit imported to India 
comes to Peshawar ; this chiefly consists of dried fruits (almonds, raisins 
nuts and the like), but also includes musk-melons, grapes and pomegranates’ 
A special fruit van is booked every day from Peshawar to Howrah during 
the busy months of September, October and November, in the height of 
the pomegranate, quince and pear season, which carries about 5,000 maunds 
a month. This is an ordinary railway van with no special arrangements 
for the preservation of the fruit during the journey. Fruit consigned to 
other stations travels as ordinary parcels. Complaints are frequently made 
of pilfering daring fche railway journey. 

The trade is said to be steadily increasing, but the great drawback is the 
primitive system of packing and grading. Grapes, peaches and plums 
are packed in baskets made of reed grass to contain quantities of about 
20 lbs. The basket is lined with green leaves or dry grass, the fruit 
being packed in layers, each covered with leaves or grass. Some 
dealers have recently commenced to pack grapes in small boxes lined 
with cotton after the fashion followed in Kabul, but the practice is still 
very limited. Pomegranates, quinces and pears are packed in crates, made 
of four strips of wood at the corners with a top and bottom, all covered with 
matting. Each crate contains about 100 lbs. of fruit. There is no know- 
ledge of modern systems of grading and packing, 
i This short account of the Peshawar fruit trade shows that it has already 

I reached fair dimensions, and there is ample room for its expansion. There 

|: is « large market down-country, which could be supplied by the North-West 

I Frontier Province at remunerative prices, if the systems of cultivation, 

f grading and packing are improved. At present much of the fruit grown is 

not suited to travel any distance. The districts of Peshawar and Hazara are 
f in particular suited to fruit cultivation, and could raise large quantities of 

I grapes, [leaches and other fruits, for which there is a considerable demand. 

I The improvement of the fruit industry will be one of the most important 

I functions of the recently created Department of Agriculture of the North- 

I West Frontier Province, with its experimental farm at Peshawar. And 

i when the Imperial Fruit Expert is appointed, his principal duty will be the 

’ improvement of the fruit of the temperate zone of North-West India, 

(F. G. S.) 



Annual Report of the Civil Veterinary Department b'or 
THE YEAR 1904-05. 

The improvement o£ Indian agriculture is so closely connected with 
agricultural stock that the working of the Civil Veterinary Department 
is of particular interest to agriculturists. It is, therefore, satisfactory to 
find that the last annual report of the Civil Veterinary Department records 
marked progress in all branches of work. In past years the energies of the 
department have been almost exclusively devoted to the encouragement of 
horse-breeding, which is a matter of great importance to the Army and to 
some parts of India, but which resulted in the neglect of the very much 
larger interests of the agricultural population of all parts in cattle. Now that 
the Army Remount Department has faken over all matters connected with 
equine stock in the important horse-breeding tracts, the Civil Veterinary 
Department has been able to take up the much larger field of work con- 
nected with cattle. 

The staff of both officers and subordinate establishments has been strength- 
ened, but is still quite insufficient for the important duties entrusted to it. 
With the improvements contemplated in the existing Colleges and Schools, 
the arrangements for veterinary education will be fairly complete, for good 
training institutions will exist at Lahore, Bombay, Madras, (^alcutta and 
Rangoon, which should be sufficient to meet the needs of all provinces. The 
prospects do not, however, seem to be sufficiently good to attract students 
without other inducements, for we notice that all the students at Calcutta, 
Madras and Rangoon are scholarship-holders. The general educational 
standard for admission is also very low everywhere except at Madras. With 
the reorganization of the subordinate establishment, it should be possible 
to raise the standard of admission and so secure students better qualified to 
undergo the course of instruction. The present stamp of Veterinary 
Assistant is hardly sufficiently well qualified, either in general or professional 
educational attainments, .to perform efficiently the important duties 
expected of him. We understand that the prospects of the service will be 
improved by raising the scale of pay, by making it pensionable and by creating 
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be taken to raise th. 

a<innssion to the Veterinary Training Colleges. 

laairtoThe mvestigation of cattle diseases are 

ITI *be^eds of the country. There are at present only two 

on with e 1. P^r laboratory established 

on wz h each College, and the scientific staff strengthened so as to 

both teaehzngand research work at each institution. We under- 

id established at Lahore, Bombay, 

ladras, bu this will lead to little practical result unless the 

inrortae’ r! Portion of their time 

d t ' f ^ ‘■'Oases. There is no branch of veterinary work more 
o practical benefits to Indian agriculture than the scientific in- 
! tropical diseases of cattle, which cause such enormous 

"’z .,^® deaths of cattle from contagious 

admittedly quite incomplete, and the improvement of the system 
ion IS a matter which deserves attention. The work already 
i at Mukteshwar is evidence of the practical results that may be 
lom similar work on an extended scale. It has already resulted 
irution of sera for rinderpest, anthrax and hsemorrhaaie sent,- 
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undue extremes. The cattle survey of India has been completed in the 
Punjab and Burma only ; such a survey should be insisted upon before a 
cattle breeding farm is started in any tract. 

There has been a considerable increase in the number of dispensaries 
and of the number of cases treated at them, but the success of this branch 
of work is still very small. The average daily attendance of out-patients is 
only 2| patients at each dispensary, whilst the total number of both in-door 
and out-door patients averages only 957 a year. The causes of the unpopu- 
larity of veterinary dispensaries seem to demand inquiry. 

This has an important bearing on the question raised at the last meeting 
of the . Board of Agriculture, whether the staff of veterinary assistants can 
best be employed at fixed dispensaries or on peripatetic work in the district. 
There can be no doubt that, if funds are available, both branches of work 
should equally be carried on, hut with a limited staff it would seem that the 
general body of agriculturists would derive more benefit from peripatetic 
work than from stationary dispeu-saries. The benefits of the latter are mostly 
confined to the population of the towns in which they are located, the large 
majority of animals treated being the property of a few well-to-do European 
and Indian inhabitants. This leaves the great bulk of the agricultural stock 
entirely untouched by this branch of the work of the department. It is true 
that veterinary assistants at dispensaries can be more easily supervised than 
those employed on peripatetic duty, but the remedy for this is a larger 
supervising staff and better trained assistants. So long as the subordinate staff 
are maintained by local bodies, district councils and municipal committees, 
their wishes must be considered, and as the members are generally residents 
of towns, their interests are concerned more with dispensaries than with 
peripatetic work. At the same time, we hope that the development of the 
department will not take the form of the establishment of additional dis- 
pensaries, which have been largely a failure in the past. The treatment of 
the individual sick animal is a matter of minor importance to the country 
compared with the advantages that would result from the suppression of the 
disastrous outbreaks of contagious disease. Indeed, the department should 
contemplate the time when, at least in the large towns, the ti-eatmeut of 
individual sick animals may be left to private practitioners and not be the duty 
of a Grovernment department. For the suppression of cattle plagues, develop- 
ment is required upon other lines ; first, research both at laboratories and in 
the field, and second, an organization for the introduction into general use 
of the results of such research. This organization involves the concentration 
of a considerable staff at the localities of cattle-plague outbreaks, which is 
impracticable when all the veterinary assistants are stationed at dispensaries 
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and aie only available for service in the district under the management oi 
each local body. Each Superintendent should have at his disposal an 
adequate staff of assistants for employment at outbreaks of cattle disease, 
wherever they may occur in his circle. For such purposes it may be iieces- 
saiy to provincialize this section of the staflp instead of employing them under 
local bodies. When not engaged upon the suppression of cattle diseases, 
this establishment could be utilized in making cattle surveys. 

Indeed, the energies of the department seem at present to be devoted too 
much to the treatment of the individual sick animal, both at the dispensary 
and on tour, to the detriment of larger and more important duties. We 
should like to see the policy of the department framed on broader lines. 


Rkpokt on tse Sugau-oane Experiments in the Leeward Islands, 
Beason 1904-05. — Although in India new varieties of sugar-cane have 
never been raised from seed, in the Leeward Islands the ease with 
which the cane seed germinates makes the production of new varieties 
of cane a much simpler matter, and indeed provides the planter with so 
many new varieties that he has not so much to be encouraged to discard the 
old sorts, as warned to be careful what he will select to take their place. The 
Imperial Department of Agriculture for the West Indies, however, supervises 
the very thorough testing which these numerous seedlings undergo, firstly, 
before they are grown under field conditions at all, and afterwards when they 
are grown as a field crop alongside the older canes under the same condi- 
tions of soil, moisture, tillage and manuring. 

The report on sugar-canes in the Leeward Islands for 1904-05 deals with 
the experimental trial on a field scale of a number of selected varieties of 
sugar-cane, with a view to providing canes for cultivation which shall be 
heavier in yield, richer in juice and more resistant to diseases and pests than 
the varieties at present in vogue. The experiments are conducted at various 
estates in the islands of Antigua and St. Kitts, and it is important to notice 
that they are carried out by the planters themselves, the methods of cultiva*^ 
tion employed being the same as for the ordinary cane crop of each estate. 
Since ratooning is the common practice of cane cultivation in the West 
Indies, the canes are kept under observation for as long a period as possible. 



AGRICULTITEAL JOUENAT; op INDIA 


Not ouly is tLe ratooning quality of tbe variety thus accurately deter- 
mined, but the influence of season may be noted ; some canes, for instance, 
were better able to withstand the dry season of the year under report, and 
are found higher up in the list than their average place for four years, while 
as regards others the converse is the case. The highest yield of sucrose was 
from the cane named B, 156 which produced 5,5781bs. of sucrose per acre 
as the me’an of 15 plots, whilst the White Transparent (Caledonian Queen) 
produced only 4,21 7lbs. sucrose per acre ; ownng to the dry season these were 
considered to be only half crops. In St. Kitts, White Transparent w'as nearly 
the best at every station where it was grown, with an average yield from five 
stations of nearly 8,0001bs. sucrose per acre. B. 208 did better th.an White 
Transparent on the average results, but was not so consistent. 

It is a most satisfactory proof of the progress made in such work that 
out of nine canes introduced in 1901-1902, five are amongst the seven re- 
commended by these experiments as reliable canes, thus showing the value of 
the preliminary trials in selecting canes wmrthy of consideration by the 
planter, which canes by the experiments above recorded are quickly introduced 
into cultivation and oust the older and less profitable varieties. — (R. C. W.) 


Rrport ON SBRICULTXmn IN B.'IRODA. Bv N. G. Mukerjbe, M.A., m.r.a.c., 

F.H.A.S., Government Pre.w, Baroda. 

Small experiments in sericulture at Songadh in the Tapti Valley of the 
Baroda State having given promise of success, the Baroda State secured the 
services of Mr. N. G. Mnkerjee, Assistant Director of Agriculture, Bengal, 
for a period of three months, to investigate the possibilities of the introduction 
of a silk industry into the Baroda State. The results of his investigations 
are given in this report. Mr. Mukerjee considers that the climatic condi- 
tions of some parts of the south of the Baroda State, notably the Isaosari 
and Amreli districts, are quite suitable both for the growth of mulberry and 
for the rearing of silkworms. The report lays stress upon the conditions of 
temperature necessary for the successful rearing of silkworms, a mean 
temperature of 75° F. with no variations between the limits of 60° and 90° 
in the rearing house being stated to be essential to the production of the 
best cocoons. He has framed a scheme for the introduction of a silk 
industry into the Baroda State, which includes the establishment of 
two schools at Viyara and Songadh, where students will be taught the 
methods of both silkworm rearing and silk-reeling, the starting of mulberry 
plantations for the distribution of young plants, the publication in Gujerati 
of a manual of pra(Aidal;; jihStroctions, and ultimately the establishment of 
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a leeung taotory on a large scale. Given suitable conditions an<l a 

o- mulbeuj, will grow well in most parts of Baroda, the sr 

the industry will depend upon the initiative of private persons in 
cocoons under proper conditions and also upon the initiative of th 

ao oiv. Ml. Mukerjee deprecates the system of producing coarse 
veelers whose work is not tested and who are not under siipe 

Under proper management, a high quality of silk may be reeled, Jbi 

find a market in India and Europe and realise better prices than wo 
coarse silk used only in Indian silk weaving factories. The repoi 
quite clear as to course which the author would recommend Two 
and fte trained students now available will, apparently, be able t 
additional students who will at once be set up by the State as dlk 
and reelers. There is some possibility that a steam reeling factor 
not be required, and the author, though suggesting the factory' 
opinion that 100 to 150 trained men set up in suitable places v 
sufficient to establish the industry among the people. In the event 
failing, the State is to establish a steam reeling factory and buv cc 
Probably the officers of the Baroda State have a clearer idea of thei 
course of procedure, and we may hope to see some line of action ac 
pro.secuted, until the success or failure of the industry is clearly s 
There are two alternatives :-first, to train men in rearing only and rely 
a factory for reeling ; secondly, to train men both in rearing and n 
with the object of encouraging a cottage industry, trusting to expert j 
and supervision to maintain a high standard of reeling. 

Mr. Mukerjee recommends the cultivation of mulberry tre( 
preference to the shrubs at present grown in Bengal. Whilsi 
recommendation is supported hy many arguments, it has yet to be p- 
bv actual expei iment that the growth of trees is commercially 
profitable dian the system universally followed in Bengal of gre 
sTirubs, which give numerous crops of leaves from heavy pruiiings. 
Mukerjee has also made a change in the Bengal reeling machine, whi 
c ainicf to 1)6 gi eat improvement. At present, a second person is req 
to work the winding wheel, whilst the reeler manipulates the cocoons 
Mr. Mukerjee has invented a pedal arrangement by which the reelei 
al>o \^orIv the winding wheel. No u,;. 
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The Cotton Boll worm. By A. L. Quaintanee and 0. 1. Bruess. — 
LLS.A. Department of Agrmdture. Bureau of Entomology, Bulletin 50. 

The cosmopolitan pest known as the Bollworm in the United States 
forms the subject of an elaborate and thorough memoir, worthy of the fore- 
most Agricultural Department of the world. In India this pest is not known 
to attack cotton, though it eats a variety of plants including many which 
it attacks in the States. Cotton, corn, tomatoes and tobacco are its chief 
foodplants in the United States, and the loss caused by this pest is very 
large. So cosmopolitan has this pest become that it is impossible even to 
hazard a guess at its original home. It is as likely to be a native of India as 
of any other part of the world, and it is so at home in all quarters of the 
globe that it has peculiar parasites in various localities. 

The methods of control advocated in the bulletin are mainly based on 
changes in farm practice so as to circumvent the insect. These measures are 
based upon a close study of local conditions and are not of universal appli- 
cation. The principle is the same everywhere, but its application depends 
for success upon a high standard of intelligence in those who are to practise 
such measures. 

In addition, the use of trap crops is advocated, as well as the application 
of arsenical poisons. The latter is probably equally efficacious against the 
bollworms of Indian cotton (Earias faUa and E- insulana). It is disappoint- 
ing to find that no new methods, no new principles of control are elaborated 
by the painstaking work of the authors of this bulletin, and the co ncliision 
may not unjustly be arrived at that only by study from new points of view 
will any progress now be made. — (H. M.-L.) 


The Mexican Cotton Boll Weevil. By W. D. Hunter and W. E. 

Hinds. — U. S. A. Department of Agrimlture- Bureau of Entomology, 

Bulletin 51, 

This bulletin of over one hundred and sixty pages, an amplification of 
a previous bulletin, is published at the instance of Congress. It is a verj^ 
detailed account of all that is known about the Mexican Cotton Boll Weevil 
up to the close of 1904, presumably as a source of information for Entomolo- 
gists and all who are interested in this pest. As an instance of a detailed 
study of a very important insect^ the bulletin is admirable ; the most intimate 
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r "^W^renUy even Ihis 

Study of the pest has not led to the discovery of any new nrineinles in 

meaod,ottr..to.„t a„d „.„.ayh„pea,t e.teeily ,ll„te “ * 

that IS being done in the United States will ultimately be thoroughly assimi 
Med and applied by the Entomologist or one of his staff. Jhe present' 

workers have evidently become so absorbed in detail that the main issues 

hardly appear. 

. , f “O^orious owing to the short period occu- 
pied in establishing itself as the most serious pest of cotton in the New World, 
e damage caused by it in 1904 is estimated at six and a half crores of 

rupees ($22,000,000), and it has steadily increased in destructiveness durinir 
the past five years. ^ 

It may be hoped Hal this insect will never spread outside the New World 

It IS now known from the Pniled States, Onb^ Meaico and Gnatem.R 

ihere IS a very evident danger that the inseol may be carried over the 

wolid in cotton seed, the resnlt of which may be simply appalling. If it, 

destracliveness is so great in the United Slates whore it has some enemies 

.1 would he far greater in Egypt, East Africa or India where its enemies will’ 
be non-existent,~(H. M.-L.) enemies will 

■ , , , ■■ ■ 
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Twenty-third Report of the State Entomologist, Illinois, U. 8. A. A 
Monograph of Insects Injurious to Indian Corn. Part II. ‘ 

In this volume, Mr. S. A. Forbes reviews the insects which live upon 
t be maize plant, including not only those which seriously affect the plant Lt 
also the minor and unimportant pests. The author has in fact preparU a 

monograph of the insect fauna of the maize plant, so that a large number of 
insects are discussed. 

Under “Insects Injurious to the plant above ground” sixteen “cut 
woniLs (surface caterpillars) are included, including the common Indian 
species, gpsilon. The world-wide Army worm (Cirphis unipuncta 

Maw.) IS another insect common in India, which is here stated to be “one of 
the most destructive of the insect pests of American Agriculture ” Another 
widespread pest is the Corn worm {CUoridea ohsoleta, F.), better known 
as the American bollworm of cotton ; of this the author states that “the 
mastery of this pest in the corn field is still an unsolved problem ” This i« 
the caterpillar found so abundantly in India on gram, and which was widely 
de.simctive to this crop during the past cold weather. 

The author also deals with the root webworms, the burrowing webworms 
the .stalk borer, the corn bill bugs, the chinch bugs and several spedes of 
grasshopper, making up a large total of insects of major importance injurious 




* A of tljo-revlews oxi 'pp, '178-188 of this volume. 


to the crop above ground. If we add the insects injurious to the plant below 
ground (discussed in Part I.), the enemies of this crop become very numerous. 
Since the volume deals with the fauna of one State alone, it becomes evident 
that the magnitude of the work amply justifies the great attention paid to 
nomic entomology in the United States. 

In dealing with the less important species, the author mentions a further 
formidable list of species. There are no species in this list which are also 
common to India, but there are what may be called equivalent species, i.e,i 
species which are extremely closely related and which wmrk in the same man- 
ner in both localities. The Indian mothborer (Chilo shnplex) has its counter- 
part in the American stalk borer {Diatrcea saecharalis) ; the hairy caterpil- 
lars of India (Diacrisia and Amsaeta) are represented by the “ Wooly Bears 
the flower beetle of the East {Chiloloha acuta) is similar to the flower beetles 
and green June beetles ( Euphoria and Allorlima) of this report ; Blister 
beetles occur in both localities as do the plant bugs ; the maize Ply {Delphax 
psylloides) of India differs little from the corn Delphax (DelpJiax maidis) of 
Illinois, and so on. We do not yet know all the Indian pests of maize, 
but it seems certain that the number cannot equal half that mentioned by 
Mr. Forbes. 

In another group, the author discusses a very long list of insects 
whose presence is not merely accidental but which do not injure the corn 
plant in any way to give them any appreciable economic importance.” This 
section of the report is of extreme interest as showing what a large fauna 
gathers in a wildly-grown plant such as maize, and how varied is the insect 
life which lives in connection with such a plant. 

Mr. Forbes' report is an example of the work that should be done in 
India, the detailed and prolonged investigation of the enemies of a single 
important foodplant by an observer who can give his attention to this parti- 
cular research alone. The report is admirably illustrated, the excellent 
coloured plates adding much to its usefulness. — (H. M.-L.) 


^ American Insects. By Vernon L. KELL0C4Gy. 

This general text-book on Entomology appeared in 1905 and is the most 
recent of the series of volumes that have from time to time condensed into a 
small compass a general view of the enormously variable insect wmrld. Putting 
aside the complex system of classification, the volume is a readable and 
trustworthy account, of the main activities of the insect world of the Ameri- 
can continent. As is usual in an American volume, the system of classifica- 
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tion differs so much from that in general use in such volumes as sharp’s 
Insects ” that the student is likely to be confused. In other respects the 
volume is one that should be of special value in the hands of students 
ot entomology in India, the bionomics of insects being very prominently 
kept in view. No single volume can do more than give a general picture 
of some part of the activities of the insect world, and the author gives 
a readable account of the living activities of a very representative number 
ot the insects of the American continent. The chapters on “ Insects and 
Flowers,” » Insects and Diseases,” and “ Colour and Pattern and their 
Uses ” are excellent, and apply as closely to India as to other parts of 
the globe. The keys to the sub-divisions and the systematic entomology 
generally are best passed by, as they are naturally totally inapplicable to^^a 
tropical and oriental^ fauna such as that of India. As a reference book 
to the habits of a family, as an eminently readable review of the activities 
ot the insect world at large, the book is worthy of a place, with those 
reviewed in earlier pages of this journal, on the shelves of an Avricultuml 
College library. — (H. M.-L,) 

^ ■ , . 

Annual Report of the Indian Section of the Imperial Institute 

FOR 1904-05. 

Tliis report gives an account of the work done for India at the 
Imperial Institute during the past year. Investigations have been made 
to determine the composition and commercial value of manganese ores 
pottery clays and laterites, and the constituents of a large number of Indian 
coals have been determined. The investigation of the tanning materials of the 
barks of two common forest trees— Shorea rohusta and Termhialia tomentosa— 
resulted in working out a process by means of which an extract may be 
prepared from these barks which produces satisfactory leather; this inav 
prove a matter of considerable importance, if the process can be worked 
on a commercial scale in India. Numerous reports were furnished on samples 
of Indian fibres and rubbers. An India Trade Enquiry Office has been 
opened at 73, Basinghall Street, in the heart of the Oity of London, where 
any person can obtain information on Indian trade and commercial matters. 
The rearrangement of the Indian collections at the Imperial Institute is 
in progress, but much remains to be done to render the exhibits 
representative of the important resources of the Indian Empire. A special 
Cotton Exhibition has been arranged to illustrate the progress which is 
being made in the growth of cotton in the British Colonies and Depen- 
dencies and to exemplify the commercial uses of cotton It is hoped to 
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improve and increase the samples representing* the various types of Indian 
cotton and the fabrics made from them. — (F. G. S.) 

. . ■ ^ ■ 

History and DEViiLOPMiuNT of Agriculture in the Malay Peninsula. 

By H. N. Ridley, m.a., f.l.s., Director of Botanic Gardens, S. 5. 

(Agri. Ball, VoL IV, No. 8.) 

Agriculturists, who are sometimes sceptical as to the practical value 
of the work carried on by Botanic Gardens, would do well to read 
Mr. Ridley's able article. In a recent report on the Agriculture of the Malay 
States, Mr. Ridley considers that sufficient credit was not given to the work 
done by the Botanic Gardens in Singapore. He has, therefore, been at 
pains not only to trace the general history of Malayan Agriculture, but 
also the individual history of all the crop plants grown now or formerly in 
the Peninsula. 

Mr. Ridley lays emphasis on the important fact, which those who 
decry or fail to appi’eciate this kind of work would do well to bear in mind, 
that the lessons taught by such institutions must be negative as well as 
positive ; to quote his own words, ‘‘ the knowledge that a plant of economic 
importance will not thrive in this country, is of nearly as much importance 
as the knowledge that it will prove successful.'’ Dealing then with this 
one side of the work of a Botanic Garden, namely, the introduction? 
testing and distribution of exotic plants likely to pi*ove useful in general 
cultivation, Mr. Ridley shows what has been done in the case of the 
Malayan Peninsula. 

Though scraps of information may be gathered from scattered sources 
about the agriculture of Malay under Portuguese and Dutch administration, 
it was not until the appointment of Christopher Smith to the Botanic 
Gardens of Penang at the beginning of the last century that we find any 
really systematic work was done. From then until the appointment of 
Mr. Menton in 1875 to the Singapore Botanic Gardens, the history of 
Malayan agri-horticulture is a disheartening one. Sir Stamford Raffles 
founded two Botanic Gardens, one at Ayer Hitainin Penang in 1822, and one 
at Singapore in 1823, but with his retirement progress began to dwindle. 
Since Mr. Menton’s appointment, however, progress has been rapid, and 
the Peninsula is now in possession of two well-organized institutions at 
Singapore and at Penang. 

The value of the work done by these institutions, in introducing exotic 
plants to the notice of the planters, can scarcely be overestimated in a 
country where the system of agriculture is such as we find carried on in 
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Malay, where one crop at a time is grown to the almost complete exclusion 
ot all otheis , toi if at any time it is found that the crop under cultivation 
ceases to be remunerative, it is of the utmost importance that no time should 
be lost in replacing it with thoroughly acclimatised and healthy specimens 
of some other crop. This may be looked upon as a special branch of the 
work of a Botanic Garden. 

It may be well to call attention to an important economic principle 
which is well exemplified in the history of these States. For each crop of 
economic importance there is probably a locality where from conditions of 
soil and climate it may be grown most profitably ; until this is ascertained, 
other localities may at first grow it at a profit, but sooner or later the price 
will fall until a level is reached at which none but the most favoured locality 
can afford to grow it. Such was the case with Liberian Coffee, which dropped 
out of cultivation in the Malayan States when the vast output from Brazil 
caused the price to fall below a rate remunerative in Malay. 

Mr. Bidley has called attention to the fact that the European planter and 
the native planter seldom cultivate the same crops. The European usually 
grows exotic plants and is seldom successful with the plants cultivated by the 
natives, while the latter seem to be too conservative to adopt new crops. 

For the main object of this article, Mr. Ridley has succeeded in writing 
a mo.st able justification of the Singapore and Penang Botanic Gardens ; 
and as an ajtology, using the word in its classical sense, for the general 
.system of scientific Agri-Hortieultui’e, the lessons to be drawn therefrom 
are far-reaching in their application. — (R. C. W.) 

' ' . , ■ * . , ■ .. ' 

Thk Fermentation of Tea, Part L By Harold H. Mann, d.sc., Indian 

Tea Association^ Calcutta, 

We welcome this very interesting pamphlet as an addition to the 
author’s previously published works on the ferment of the tea leaf (The 
Ferment of the Tea Leaf, Part I (1901), Part II (1903), Part III (1901), 
Indian Tea Association, Calcutta). In his earlier publications Dr. Mann 
has shown that the changes which take place in the tea leaf during the 
manufiicture of finished tea are mainly, if not entirely, brought about by the 
action of an oxidising enzyme on the other constituents of the leaf, that this 
enzyme is developed during the withering process, and that bacteria play 
no useful part in the operations and should be excluded as far as possible. 
In the present pamphlet the nature of the chemical changes taking place 
during the process is dealt with, and a somewhat complex subject disposed 
of in the same popular and practical manner which has characterised the 
author’s former work, 
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it its pointed out that, so far as is yet known, only three constituents of 
the tea leaf go to determine its value — the essential oil, the caffeine, and 
the tannin. The first two of these substances are speedily dismissed since it 
seems that the essential oil is a little known body, and the caffeine, though 
perhaps of medical interest, is of little consequence in determining the trade 
value of a tea. The tannin is of more importance. Dr. Mann gives 
figures to show that the value of a tea may be directly traced to its contents 
of this constituent, since on it depend to a very large extent the pungency, 
the colour and the total dissolved matter of the liquor obtained on infusion. 
The pungency would seem to be conditioned mainly by unfermented tannin, 
the colour by fermented tannin, and the total soluble matter by both together. 
It, therefore, becomes o£ prime importance to trace the progress of the changes 
which take place in the tannin during the fermentation process, so that it may 
be regulated in such a manner as to produce a tea containing the most desirable 
quantity of this substance in the fermented and unfermented forms. 

Ill order to do this, Dr. Mann has carried out a very careful series of 
experiments in withering and fermenting teas under varying conditions, 
estimating the total soluble matter and soluble tannin produced in each case. 
In connection with withering, it is found that both the total soluble matter 
and the soluble tannin continue to increase in quantity during the process? 
provided the leaf is kept moist* and that no fixed maximum point is arrived 
at, as was found to be the case in the development of the enzjune. If the 
leaf is allowed to-dry up, however, a reduction in the total soluble matter 
immediately takes place owing to oxidation of the tannin. Dr. Mann draws 
attention to the necessity which this indicates of avoiding bruising or break- 
ing the leaf before and during spreading in the withering house, since, 
if this occurs, drying up will result around the wounds and a tea of reduced 
value be produced. 

During the fermentation process, the tannin and the total soluble matter 
are toimd steadily to decrease until a fixed minimum is eventually arrived at. 
The rate of change is found to be considerably influenced by the temperature 
at which the operation is conducted, as well as, of course, by the heaviness of 
the rolling to which the leaf is subjected before fermentation, since thereon 
depends the amount of ferment and fermentable substance which are brought 
into contact with one another. It is shown that with a normally rolled leaf, 
the fermentation is complete (that is to say the soluble constituents 
have reached a minimum) in between five and six hours at 80°F., which has 
been found to be the optimum temperature at which to conduct the process. 

Like other investigators into industrial fermentation processes, Dr, Mann 
was led away by the fascinating idea of conducting his fermentation at a 
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higher temperature than is usually employed, so as to hasten the process 
and, if possible, render it continuous ; but, again, like other investigators, 
he was doomed to disappointment. It was found that at a temperature very 
slightly higher than the optimum, secondary actions come into play, and 
dark brown undesirable products are formed due to superoxidation. The 
conclusion is, therefore, drawn that the fermentation should never be con- 
ducted at a temperature above 82°F., and, as an outcome of this, useful 
practical information is given a.s to the necessity for thin spreading in the 
fermenting house, and quick firing at the conclusion of the process. It is 
further concluded that in all “ the plains districts of North-East India the 
idea of fermenting in the factory itself must be given up,” since it seems 
hardly possible to ferment at the necessary low temperature in any practi- 
cable manner. Several useful hints are given on the construction of ferment- 
ing houses so as to attain the three main conditions w'hich have been found 
desirable, viz. ; — (1) the maintenance of a temperature of 82°F., or below ; 
(2) the production of a saturated atmosphere ; and (3) the provision of 
conditions as free as possible from injurious microbes, in other words, of 
extreme cleanliness. 

Some interesting observations on the effect of light of various colours 
on the fermentation process are recorded. Doubt appears to exist as to 
the most desirable method of lighting the fermenting house, and windows of 
various colours have been adopted by many planters, whilst, in some cases 
windows are excluded almost entirely. As a result of his experiments, Dr. 
Mann concludes that the fermentation is retarded by blue light, but that 
white, red, and yellow lights are without effect on the rapidity of the 
process, whilst the ultimate result is the same in every case provided direct 
sunlight and glare are avoided. So far as we are aware, this is the first case 
in which the effect of illumination on enzyme action has been studied. The 
subject seems worthy of further investigation which may lead to valuable 
applications to other fermentation industries ; useful information might 
perhaps be obtained, for instance, on the lighting of malting houses. 

On this subject, as on several others with which he deals, one cannot but 
regret that Dr. Mann has not had the opportunity to give us some more exact 
scientific data. As a practical guide to tea planters, and as affording scien- 
tific explanations of many of their well recognised practices, the pamphlet 
before us is a model of what it should be, and doubtless it is right that it 
should be written with these objects primarily in view ; but there are several 
points on which we would weleorde more detailed information, not only as 
assisting us to understand more fully the subject under discussion, but as 
enabling us to argue more readily from the case of tea to that of similar 
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problems. We cannot, for instance, readily grasp how the explanation given 
by Dr. Mann on page 5 of his report of the mode of action of the enzyme 
fits in with his observations, for, if the tannin of tea is a glucoside, it would 
seem essential that a hydrolytic enzyme be present to bring about the 
separation of the sugar ; mere oxidation can hardly account for this, though 
it may be, and evidently is, a secondary action. No doubt a description of 
the “ many experiments ” which Dr. Mann refers to as being “ out of place 
to detail” would explain this. Again, we should like to have some experi- 
mental verification of Dr. Mann’s statement that the tannin of tea is 
peculiar in not being precipitated by gelatin, and some details of his method 
for determining the carbonic acid gas exhaled by the tea leaf during wither- 
ing, referred to in the footnote to page 7, would be very interesting. 

But we are, doubtless, asking too much from a report designed to edify, 
and not to terrify, the members of the Indian Tea Association. We can only 
hope that a scientific officer in such an unique position in India as Dr. 
Mann, will see fit at some future date to publish in some scientific journal an 
account of the scientific details of his work for the benefit of his fellow- 
workers. — (0. B.) 



THE ORiaiN OF NEW SUGAKCANES 
BY '‘BUD-VARIATION.” 


By C. a. barber, m.a., f.d.s, 


Government Botanist^ Madras. 


One o£ the most striking facts connected with sugarcane cultivation is 
the enormous number of varieties which, though easily separable, have 
the greatest botanical similarity. It is frequently possible to distinguish 
two varieties without being able to put down clearly wherein the difference 
between them exists. The difference may be in the form of the joint, in the 
tinge of colour, in the habit of the plant in the field, in its thickness or height, 
in the richness of the juice expressed. Again, with no external differences 
at all, there may be such a difference in constitution that, whereas one 
cane grows clean and healthy and yields a certain crop, the other is swept 
out of the fields by disease. 

Even after prolonged study it is diflScult to decide how all these varieties 
have arisen. There is no doubt as to the ancient character of sugarcane 
cultivation. While it is probable that the cane was first cultivated in a 
certain Asiatic region, yet nowhere can we lay our hands on a Saccharum, 
now wild, which presents any probability of being the progenitor of the 
cultivated forms. The matter is not rendered easier by observing how 
peculiarly susceptible the sugarcane is to any change in its environment. 
We cannot tell beforehand in what direction changes are likely to occur, 
but certain it is that if two canes are taken from one part of the country to 
another, their characters under the new condition differ, whether in colour, 
form or sugar-making properties. The pet cane of one region quickly 
assumes a very second rate character in another, being left behind by a cane 
which conid in no way be considered its rival in the land of its origin. 
Some improve in their juice and others deteriorate, some change their colour 
and others do not, while some really good canes dwindle to the size of the 
local ‘‘reeds’’ which are everywhere to be found where sugarcane has long 
been cultivated. 
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With these obvious facts before us, there is an entire absence of a good 
connected series of observations, and we have to confess that we know next 
to nothing as to the way in which the countless varieties of sugarcane 
cultivated at the present day have arisen. 

From this point of view a study of the striped canes, or those which 
have two main colours alternating in their stems, appears most likely to 
lead to interesting results. And the first subject for investigation is to try 
and find out how these varieties have arisen. In all likelihood the yellow 
or green canes were the first obtained and cultivated, and the others arose 
as subsequent varieties. The assumption of a red colour by the rind of 
plants under cultivation is by no means an uncommon phenomenon. The 
striped canes would probably be the last formed, and there is some reason 
for supposing that each striped cane has for its parents two canes, a red and 
a yellow one. Such striped canes may have arisen in several ways. Firstly 
by seminal crossing. While seedling canes appear to be very rare in India, 
they are not at all uncommon in certain tropical islands ; and it is fair to 
assume that in past times this seminal reproduction was much commoner 
than it is at present. The practice of growing canes of different varieties 
in the same field is probably very ancient, and we have a ready means by 
which the striped canes may have originated. That they have arisen late, 
among canes already cultivated, appears to be also probable from the fact 
that the striped canes as a whole are ones of good character from the mill- 
ing point of view, and while there are numerous yellow and less frequently red 
canes of a reed-like primitive nature, such canes are hardly ever striped. 
But there is just sufficient evidence to render it possible that these striped 
canes have arisen from the apposition of two canes of different colours by 
natural grafting, and it is possible that some at least of the striped canes 
are in reality graft-hybrids. The general absence of grafts among monocoty- 
ledons renders this less likely but not impossible, and exhaustive experiments 
are called for to determine whether we may not by this method hope to raise 
new varieties. But the strongest argument in favour of the origin of striped 
canes from parents of two different colours is the not infrequent reversion 
of these varieties into canes of single colours. Such sports are by no 
means infrequent and form the subject of the present paper. 

It is a matter of common knowledge among the Godavari ryots that 
in a field of Namalu (striped red and yellow) canes, sooner or later the 
number of Keli (yellow) canes increases. And when we take the Eamalu 
and Keli canes and compare them from a botanical and chemical standpoint, 
it is difficult to find any real difference between them excepting in their 
colour. There is then a strong presumption that the Keli is a natural sport 
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from the Namalu. And it may be at once asserted that the tendency in 
the striped canes is always to produce yellow rather than red sports, a fact 
which seems natural when we consider that the yellow canes are probably 
the older and nearer to the original cane of the primitive cultivation. 

The following canes have been noted in the short life of the Samalkota 
Sugar Station in the Godavari district. The cane known there as the “ Striped 
Mauritius ’’ has been seen frequently to sport into green canes and less often 
into canes of a pure red. A fortunate example of this is shown in the 
illustration. A striped set has, growing upon it, and all from a single bud, 
canes of three different colours, one red, two green or yellow and two 
striped. The bunch was dug up, carefully washed and photographed. 
The colours have been drawn in from the varieties grown on the farm. 
There are now good plots of all these canes, and they have been submitted 
to analysis for two years. There is no doubt that the three canes have 
sufficient differences, besides their colour, in the richness of their juice and 
in their habit of growth, to constitute well marked varieties in the ordinary 
sense of the term. It is quite in accord with what has been suggested 
above that the green is hardier, bunches more readily and has inferior juice, 
that the red cane on the other hand is little inferior, if indeed it is not 
superior, to the striped, which otherwise holds an intermediate position 
between the other two. 

The thick striped cane called on the farm the '' Dark Striped Mauritius ” 
has also been identified as the parent of the yellow Ivory Mauritius,"^ but 
no red cane has yet been obtained from it. The long striped cane obtained 
from various parts of South India, called by some the ‘‘ Striped Singapore ”, 
has sported into both red and yellow, but the characters of these have not 
yet been determined. Finally, the striped cane growing in Mr. Abraham 
Paudither’s garden at Tanjore (which cane may be identical with the last 
named) has given rise to a new ashy cane which appears to be well worth 
cultivating. 

This mode of origin of new cane varieties has been termed Bud- 
variation,” After observing the facts described above on the farm at 
Samalkota three years ago, my attention was drawn to an article in the 
West Indian Agricultural Bulletin where the subject was exhaustively 
dealt with. No analyses were, however, published of the different canes 
arising from bud-variation. As in the cases noted above, it was always a 
striped cane which showed this phenomenon in the West Indies, Louisiana 
and Mauritius. It is worthy of note that this bud-variation does not consist 
in certain buds growing out to form new canes of one colour, but isolated 
buds show variability and give rise to shoots of different colours, sometimes 
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indeed to a shoot whose base is striped but which becomes yellow in its 
upper part. The idea that a bud in the red part of a striped cane gires rise 
to a red cane, whereas one in the yellow part produces a yellow, is apparently 
not correct. The canes thus arising appear to retain their characters and 
have remained constant for three or four years already. 

Now this fact that the striped canes have alone been observed to “ sport ” 
may be explained in two ways. On the one hand they may be true hybrids 
which have arisen from the crossing of the two one-coloured canes, and 
consequently may have a greater tendeney to vary than the one-coloured 
canes. But on the other hand the frequency of the phenomenon in striped 
canes may be due to the fact that, while such changes in colour are very 
readily seen in them, they would require very careful observation in the 
case of ordinary canes. And I think that the latter is more likely to 
be the explanation. If such is the case, it behoves us to study our fields 
with much greater care than heretofore. Whenever, in a uniform field, 
canes appear which show any marked differences from the rest, they should^ 
be carefully segregated, cultivated and analysed. A certain amount of 
work has been done in this direction at Samalkota, but the results thus far 
obtained have not been satisfactory. Chance differences which have been 
observed have not been maintained. But this is no reason why the subject 
should be dropped, and observations will be continued as opportunity 
offers. 

With reference to the Striped Mauritius and its “sports, the more 
important figures in the two years’ analyses have been reproduced in the 
table. The Green Sports may be classed as a cane distinctly inferior to the 
other two, whereas the Ivorp appears to be distinctly better than the Dark 
Striped. The Red Sports during the first year showed such ^ good results 
that it was thought that a new cane of great value had been discovered. It 
was accordingly named the “ Gillman” after the Collector of Vizianagram, 
through whose energy and forethought these Mauritius canes had been intro- 
duced into Madras. These canes and others obtained in the future will be 
multiplied and, in due course, valued and added to those on the farm or 
rejected according as they turn out. 



NEW SUGARCANES BY BUD-VAEIAWOxN ; BARBEE, 


cams and sports in tlw Goeernment Sugarcane Fa 
Saynalkota, 


Vaeieties. 

Juice/ 

Juice. 

Juice. 

Juice. 

Begass. 

Corr 

Brix. 

Per cent 
sucrose. 

C-P. 

Per cent 
^flucose. 

Per cent 
obtained 
by crush- 
ing. 

Striped Mauritius, 

1904-1905 ... 

20-44 

19*33 

94-57 

•30 

37*23 

Ditto 

1905-1906 ... 

21-31 

19*94 

93-57 

*67 

37-53 

Green sports 

1904-1905 ... 

20*29 

18*66 

91*96 

*60 

33*9*2 

Ditto 

1905—1906 ... 

18*57 

16*61 

89*45 

*93 

34*79 

Red sports 

1904-1905 ... 

21*35 

20*23 

94*75 

*30 

39*67 

Ditto 

1905-1906 ... 

20*16 

18*88 

93*65 

•67 

34*48 

Dark Striped Mauritius, 

1904-1905 ... 

17*06 

13*98 

81*94 

1*54 

36*87 

Ditto ditto 

1905-1906 ... 

16-98 

13*95 

82*15 

1*95 

36*86 

Ivory Mauritius 

1904-1905 ... 

18*67 

16*11 

86*29 

*75 

38*96 

Ditto 

1905-1906 ... 

17*87 

^ 

16*37 

86*01 

1*34 

40*41 
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PROTECTIVE WORKS IN CENTRAL INDIA, 


By H. MAESH, o.i.e 


Conmlti'ag Engineer for Protective Irrigation Works, Central India. 

“ I AM disposed to think that the most productive parts of the surface 
of Bundelkhand, like that of some of the districts of the Nerbudda terri- 
tories, -which repose upon the back of the sandstone of the Vindhya chain, 
is (dc) fast flowing off to the sea through the great rivers which seem by 
degrees to extend the channels of their tributary stream into every man’s 
field, to drain away its substance by degrees, for the benefit of those who 
may in some future age occupy the islands of their delta. I have often seen 
a valuable estate reduced in value to almost nothing in a few years by some 
new antennee, if I may so call them, thrown out from the tributary streams 
vJvfirs into their richest and deepest soils. Declivities are formed. 
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YeUlie positiou is not at all irremediable, and in this article I propose to 
state some of the measures likely to effect practical improvements. 

The peasants are quite aware of the value of arresting the rapid drainage 
fiom their fields, not only for the purpose of conserving moisture for sowing 
and maturing the spring crops, but also as an infallible method of improving 
the fertility of the soil itself. Here lies, therefore, a prime opportunity for 
the various rulers of Central India to encourage this industry by every 
means in their power. In sorhe States, I believe, considerable progress is 
reported where rulers have guaranteed proprietary rights in land protected 
by embankments, and in others useful State loans have been made with the 
same object. In British Bundelkhand and the Central Provinces, active 
measures have been taken for the construction of scientific field embankments 
to immerse areas of about 20 or 30 acres, and these efforts are sure to meet 
with success, if not neglected. But such action cannot have the same great 
effect, as would be obtained if the majority of cultivators could be induced to 
protect their own fields. 

Where an embankment is made which affects the interests of several 
individuals, but is too small for State management, difficulties are sure to 
arise about its maintenance. One man wants to cut the bank of his immersed 
field so as to commence ploughing for the spring crop, whereas another wants 
to retain the water for his rice plants. Then, again, there is often trouble 
about the injury to standing crops from the escaping water, whilst the neces- 
sary annual repair causes difficulty unless there is a strong village headman 
to arrange about these matters. Thus, although large embankments are of 
immense value, and particularly so where there is an enterprising village 
headman, yet they do not have the same permanence as the small banks made 
by a cultivator round his own field. The truth of this statement is rendered 
patent by the many neglected embankments found in Central India. 
As an example, I may quote a few lines from my own notes in 1905, regarding 
Makhoni village in Datia State About 1893 a Soukar called Sibbu made 
a lot of bunds in Makhoni, and then died. The heavy rain of 1894 burst 
them, and they have never been repaired. I think they could be put right for 
very little. At present, however, the village is without an enterprising man 
like Sibhu, and apparently nothing will be done until he turns up. The 
eastern half of Kheri has got into the hands of a strong Soukar, and there the 
bunds are in good order, and the wells are being worked with great effect.” 

Again, the following extracts from Mr. Impey’s Settlement Report of 
the Jhansi District for 1893, show the immense value of small embank- 
ments : — “ Though not exactly a source of irrigation, but rather a means 
of conserving the benefits derivable from rainfall, the system of field to field 
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embankments, found especially in Moth and the north of Jhansi, may here 
be mentioned. It can scarcely be said ever to have received the attention 
it deserves, for it is unquestionably of extreme value in protecting land 
against both erosion and kans, it recommends itself to the people themselves 

more than any other ambitious schemes, and it has a direct fertilizing effect.” 

^ ■ # . « ^ ■ , , * ^ . 

‘‘Field embanking is the simplest of all matters. A small earthen 
‘bundh,’ from 2 to 6 feet high, is thrown up along that side of a field, which 
is crossed by the drainage from the field. Flanks are added, if necessary ; 
or if the slope be very inconsiderable, the field may be enclosed by bunds 
on all four sides. One or two feet of water can in this way be kept up until 
after the end of the rains, and the land is thoroughly soaked before the 
winter sowings. In some parts of Moth and the north of Jhansi, series of 
these small bunds are found all down prolonged drainage slopes, and the land 

over which they have effect increases in darkness and in fertility every year.” 
^ ^ ^ ^ 

“ The advantages of the system are numerous. The people are willing 
to throw up the embankments, and to take takavi for them. The rain water 
is retained for the ground on which it falls, instead of scouring into nallahs ; 
and as the nallahs are deprived of their supplies, they lose their velocity and 
power of cutting back into the good land above them. The productive 
power of the land is increased, and kans^, where it exists, is drowned out.” 

1 have consulted many skilled officers on the subject of this form of 
protection, who all agree that it is of the utmost value in tracts of good soil, 
but that the cost would not be recouped in areas of poor gravelly for- 
mations. Every one seems to think that field embankments will repay the 
outlay on fairly good soils (locally known as mar^ kabar^ parwa, and the 
yellow raka?*)^ but not in the case of such poor soil as red ‘ rakar,’ which 
is considered too porous. Still it seems a pity that the lastnamed formation 
should be allowed to be denuded and I recommend the employment of 
State labour on such work in times of scarcity or famine. A great gain 
must be effected, if the water is compelled to enter the subterranean 
reservoirs instead of rushing along the surface, increasing storm discharges 
in the nallahs and carrying off more good land. On this matter Mr. W. 
H. Moreland, Director of Agriculture, United Provinces, writes to me as 
follows : — “ Turning now to the tracks where the soil consists of disintegrated 
rock more or less in situ, or south Bundelkhand as spoken of by your 
correspondents, I think myself they are inclined to underestimate the 
cumulative effect of retaining the finer soil particles, instead of letting them 

Smehumm Spontanetm* 





protective works in central INDIA : MARSH. 293 

wash off. ^ The soils being too coarse in texture to hold water to the best 

dvantage, it is obvious that retention of the finest particles means gradua 

amelioration, as disintegration progresses ; while to let them wa£ on 

means no amelioration and possibly deteriorati^in Rnf iL • xi. ’ 
eonsiderafinn off...,!- x-u x .> neterioration. But there is another 

consideiat on, affecting the water supply in wells both for irrigation and 
for domestic purposes. Mr. Molony has gone closely into this point in his 
to \ . manuscript (now on its way 

Mirzapn^ete', the unLrlyingtork'hlrnot‘'ihr""*' South Bundelkhand, 

1 ir , s nas not the same capacity for storinp- 

water as the sandy sub-soils of the Duab. Consequently, when a sever! 
failure of the ram occurs, the evils of famine are often very much aggravated 
by . water f.mm.. The only thing that can be don. i/.ilh., .fp™" 
he ,a.„ rnnpmg off into the ri.er, by holding it „„ the land where 

or by takmg the water onl of the streams and ponring it on to the land 
lower down by means of canals.” i ua 

j * * * * * tie 

“ Another method is to make a number of small embankments, or field 
embankments, each of which will hold up a little water. Even if such 
embankments hold up the water for a few days or hours only, they may be 
the means of saving quite a considerable portion of the rainfall.” 

Enough evidence has now been brought forward, to show what solid 
improvements can be effected, even in the small States where expert 
engineering assistance is seldom available. The Irrigation Commission were 
quite alive to the value of such work, and have remarked ; “ The practice 

of embanking fields has received considerable impetus during the recent 
years of drought ; and we have no doubt that if immediate advantage be 
taken of the present feeling in its favour, a great deal of valuable protection 
can be afforded to the province at a small cost.” 

****** 

“More than one of our witnesses has stated that, on an average 
embanking doubles the outturn.” 

“ Again, two large embankments made in 1897 by Seth Nathu Ram a 
Malguzar in the Saugor District, protected his viUage so effectively, that he 
not only kept his tenants on the land, but paid all his revenue in the year 1900, 

when his neighbours both lost many of their tenants, and failed to pay their 
assessment. ” 

Turning now to a consideration of another form of protective work, I 
Aink that there is very fair scope for developing perennial irrigation in 
Central India by the construction of canals of moderate size. The Ken, 
Dassan, Betwa and Sindh rivers are aU fed from extensive basins, ooverina 
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several thousand square miles. Even in the driest years, these rivers pass off 
immense volumes of water, far more than would be necessary for all required 
irrigation, if there were only reservoirs to hold it. Then again the physical 
conformation of these drainage arteries is peculiarly fitted to the construction 
of magnificent storage sites. For centuries huge floods have been broadening 
and deepening the beds, with the apparent object of eventually breaking 
the rocky barriers over which the water has to leap at intervals. We have, 
therefore, numberless reservoirs already roughly fashioned out by nature, 
and the engineers have been left with the simple task of equipping the rocks 
with the necessary masonry and gates. 

The experience of the Betwa canal has taught the Irrigation Department 
that no reliance should be placed on the cold weather discharges of a Central 
Indian river. Advantage must be taken of the absolutely certain monsoon 
floods with their numerous opportunities of storing water, until the necessary 
volume is secured. With this object in view, the reservoir at Paricha was 
increased by 50 per cent in 1901, and in 1907 the capacity will be doubled by 
the construction of a new weir, already well advanced. 

When this security has been reached, there is no doubt that the people 
will undertake the cultivation of sugarcane, early cotton and other valuable 
crops, and gradually approach the stage of comfort and affluence attained by 
the cultivators along the Jumna and Ganges canals. It is easy to show 
that Government will also gain by its activity in the matter. The Betwa 
canal was opened in 1884, but though of great use as a protective work 
against famine, its revenue was less than its cost of maintenance until 1903, 
when the results of the extra storage began to be felt. During the twelve 
preceding years the average annual area equalled 37,000 acres, but it has 
steadily increased to 64,000 acres in 1902-03, 78,000 in 1903-04, 118,000 
in 1904-05, and 162,000 acres in 1905-06. 

These facts indicate the truth of a well known remark of Sir Thomas 
Higham, k.c.i.e., late Inspector-General of Irrigation, when he stated that 
to make a canal successful, money must be poured in as well as water. I am 
in great hopes, therefore, that surveys now in progress will prove that 
invaluable protective works are possible from the Sindh river, from the Upper 
Dassan and from the Upper Ken. When these projects are advanced, 
a move can be made to examine the remaining great rivers of Central 
India. 

As regards lakes and isolated storage sites, there is no doubt a wide 
field for enterprise and unlimited work, but progress is bound to be slow, 
for a large establishment is required for observation and survey. But while 
the preparation of ni^w schemes is in hand, much may be done in restoring 
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old works, which are studded throughout the country. The causes of their 
failure are often due to mere neglect, faufin many cases it is feared that the 

banks were cut with the expressed object of cultivating the rich soil in the 

beds of the tanks. This is a penny-wise and pound-foolish policy, as every 
drop of water should be conserved in Centrallndia for the purposes of (a) 
strengthening the under-ground reservoirs; (b) creating dew, and reducing 
the aridity of the climate; and (c) increasing the comfort of man and beast. 
Moreover, the area gained by draining a tank is not so large as that which 
would be protected along the fringe of the water and below the embankment. 

In the case of very old tanks, Mr. Sturt, late Assistant Commissioner 
of Jhansi, has noted that he considers their ruin to be due to the increase of 
flood water which now rushes down the nallahs. This increase he attributes 
to the denudation of the country, and he was of opinion that the same 
volumes did not exist in the Ohaudal period, when water was jealously held 
up in every available spot and not allowed to accumulate into overwhelming 
floods. 

Well irrigation is a splendid industry in Central India, but in a year of 
drought it is sad to see these sources of supply fail, when the crops are 
suffering, forcing the cultivators and their oxen to be idle. The fact is that 
well irrigation is not antagonistic, but is ultimately dependent on the forms 
of protection already dealt with, Le., field embankments, lakes and tanks, 
river weirs and canals. These three systems all tend to retain the water in 
the country and raise the spring level, which will no doubt bring back into 
use many an old well. 

Regarding the effect of arresting the flow of rain water by the construc- 
tion of lakes, it will interest readers to quote the exact words of Mr. Sturt, 
which were written more than thirty years ago : — “ There is no questioning 
the fact that Bundelkhand was once a most flourishing province, supporting 
on its own productions a vast population, the extent of which it is now 
difficult to realise. There are numerous signs to prove beyond any doubt 
that extensive crops of sugarcane and other most valuable produce were 
raised in every part of the district with the help of well irrigation. Numerous 
old lakes, tanks, wells, and stone sugar-mills,, which are found scattered about 
all over the district, testify to the fact, and are the monuments of the industry 
and science of the past ages. None but an immense community, such as we 
imagine the population to have been some ten centuries ago, could have 
undertaken the colossal works of that period, some of which still exist and 
defy decay. To the population and nature and extent of cultivation of that 
time, the existing condition of the district, and indeed the whole of Bundel- 
khand, can hold no comparison, and the difference is hardly credible. 
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Taking Jhansi as a fair sample of the best of Bundelkhand, we find the 
proportion of the cultivated area to the area of the whole district 47*33 per 
cent, producing indifferent crops of all kinds and grain in quantities 
which are barely sufficient even for the support of the present scanty 
pcxpulation, the average of which before the famine of 1868 was 203 
souls per square mile. The kharif crops are extending, while the rabi 
which are more valuable, are proportionately diminishing (a certain sign 
of the poverty of the people), not so much from any paucity of plough 
cattle and cultivators, as from the loss of fertility of the soil, and 
loss of the means of irrigation. The former is attributable to the effect 
of surface drainage, and the latter to the fall of the spring levels of 
the country. This fact is most apparent to every one who has lived in these 
parts and studied the subject. According to my idea the evils described 
above may be considered as the principal causes which have led to the present 
reduced state of cultivation and poverty of the cultivating classes. And, as 
said before, these evils are the common result of the rapid flow and the scour- 
ing action of the surface drainage which, unchecked by artificial means, has 
worked its full destruction on the soil. On this point Colonel Corbett, after 
giving the proportion of the mineral particles contained in the rain water 
states regarding the deterioration of the soil : — Hence the benefit of allowing 
rain to penetrate instead of allowing it to run ofiP the surface, as in the latter 
case these mineral matters are lost to the soil, and not only are these lost, but 
also organic matters of all descriptions there may be on the siirfiice ; the 
minuter particles of the soil, for instance clay and lime, are washed out from 
between the coarser particles, which are mostly silicious sand. Thus the high 
land remains mere sandy soil.” Colonel Corbett’s experience, however, was 
that of the level countries of Rohilkhand and Oiidh. If then, we find the 
wasting pi'oeess of surface drainage so great in those parts, what must be its 
effects on undulating country like that of Bundelkhand ? Many instances 
exist in which the land, which at the settlement had been recorded as mar 
and good class of parwa^ has now turned into rahar and patro respectively ; 
and the cause of this is clearly traceable to the influence of nallahs ’ 
and ravines subsequently formed, or increased in dimension since the 
settlement. Instances of the converse conditions also are present, in 
which the land has improved and changed from the inferior to the 
superior description, by damming up of streams and building up 
embankments round fields. Old temples, mosques, graves, wells and the 
like, built out in the open, show in a marked way the extent of wastage which 
has taken place on the surface of the ground ; the very foundations of the 
old buildings are now exposed. The formations of the ravines are in 
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6Iiemsalve& a convincing proof of this phenomenon, and if further facts are 
re,„.r.d, the iieU survey of 1835 may be compared with the lately made 
maps, and ,t will be seen that the most startling changes have occnrrid in 
the loss of oultnrable land and eatension of barren plains and ravines. The 
cullurable area decreases us the ravines and rivulets eitend, which Ibov are 
constantly doing, lowarde the watershed of the co.ntry, converting the 
ieitile soil into sandy waste or gravelly barren land-the residue of the over- 
rich soil after having had all its fertilising particles washed out of it by the 
action or surface drainage. 

The loss thus incurred in the cultivated area is .more serious than any 
damage caused by saline efflorescence in the Duab, as the latter is temporary 
and remediable in course of time, but the former is almost irrecoverable and 
permanent after it has once reached a certain stage. Under the circumstances 
t e matter deserves the most grave and serious consideration of Government 
with the object of introducing measures for the prevention of further loss, 

if not for the restoration of part of the land destroyed by the causes 
described. 


With the results of surface drainage above described before us, it is 
not surprising that the fertility of the Bnndelkhand soil has deteriorated, 
and that the spring levels have fallen to a depth at which irrigation is 
rendered almost impossible. 

In regard to lake irrigation, it seems that none of the old lakes are 
provided with any extensive irrigation works, and it appears that irrigation 
from lakes was limited to the marginal land which was effected by the 
system of lifts or dal, and to the land lying below the lake, supplied 
with water by percolation. It is, therefore, clear that the lakes were 
not constructed for the primary purposes of direct irrigation, but that the 
constructors had in view the more important object, which now-a-days 
is designated indirect benefit,” that is, the raising and keeping up of spring 
levels, equalizing the temperature by supplying humidity to the atmos- 
phere,.and providing, pasture for cattle, etc., and no doubt these are the 


principal objects for which lakes should be constructed. 

Irrigation from leells was certainly the principal mode of irrigation 
practised in the ancient times, and it is my firm belief that it is even now 
the only practicable system, and by the general introduction of which the 
country would derive a permanent benefit. That this loss of the means of 
irrigation throughout the country is due to the fall of spring levels is un- 
questionable. The existence of stone-mills, wells and other irrigation works 
proves the use of irrigation at the places where they stand, but now in 
these places the spring level has gone down to 100 feet below the surface. 
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and thns land has deteriorated into an uncnlturable waste. There must 
of course be many theories to account for this ; and different ones must be 
suitable to different parts of the country. For this Bundelkhand province, 
I not only agree in considering the rapid drainage of rain water from the 
surface of the ground, as one of the causes which have affected the spring 
levels of the country, but from observations made in the course of twenty 
years’ experience in these parts, I am quite convinced that it is the principal, 
if not the sole, cause of the phenomenon in question. The reverse conditions 
are also to be found wherever water is stored or by the nature of the soil 
allowed to be absorbed into the ground ; there the spring levels are found to 
lie close to the surface. The spring levels in the wells at Magarpnr, Jawan 
Sakrar and many other neighbouring villages, are kept up close to the surface 
by the percolating influence of the Arjar lake. Fruit and timber trees of 
all kinds thrive and grow to an immense size along its course, and plough- 
ing is rendered easier there. The same may be said of all villages situated 
in the vicinity of other lakes. The construction of the Pachwara lake has 
had the effect of raising the spring level of wells all round it for several 
miles, as shown by the registers kept up by the Irrigation Department. All 
these facts, I trust, go to prove that I have not based my convictions on mere 
hypotbesis. 

There is one more method of improving the conditions of Central India 
which I should like to mention before closing this article, and that is the 
improvement of communications. A good deal has been done already in 
opening railways and main roads, but the feeder lines of communications 
are very difficult, which prevent people from getting their produce to market 
and moving about the country. There is no possibility of finding funds to 
make these minor roads anything better than fair weather lines, but com- 
munications would be greatly improved if the available money was steadily 
spent at the difficult points, i.e., in easing the descents into nallaJis and 
ascents over passes. Over the rest of the roads nothing is required except 
the removal of rocks or obstructions, and no money should be ever laid out 
in raising tracks unless there is every promise of metalling them in the 
near future. 




SOME DISEASES OF PALMS 


By E. J. BTJTLBE, m.b., p.l.s. 


Imperial Mycologist, Agricultural Besearch Institute, Pusa. 


Fungus diseases of palms are rare, a fortunate matter if we consider 
the extraordinary value of these trees to the people of tropical countries, 
A few have appeared in India in recent years, each apparently confined to a 
particular part of the country and, while due to different causes, agreeing 
in their general effects. 


KOLE EOGA DISEASE OP BETEL PALMS. 

A disease of betel-nut palms (A«ca Catechu) has been known in the 
Malnad districts of Mysore particularly near Koppa for many years. It is 
locally termed “ kole roga ” or black rot. Up to the present it has not been 
found elsewhere and, as it does not appear to have extended much during 
the time it has been observed, it is probably favoured by the special climatic 
conditions of the locality where it occurs. 

The first symptom of the disease appears at the time of flowering. A 
number of the flowers fall without setting fruits, and their stalks blacken and 
putrify. The rot gradually extends along the inflorescence and affects the 
stalks on which nuts are forming, causing the latter to drop while immature. 
Very often the damage does not stop here. The flower stalk arises from 
the axil of the lowest leaf and, therefore, leads directly to the base of the 
swollen green part at the top of the stem. This green portion consists of a 
number of leaf sheaths, which clasp the young growing end of the palm, 
forming a thick protective covering to the growing point. The lowest of 
these sheaths becomes affected near the point of origin of the flower stalk, and 
a patch of rot makes its appearance at this point. The sheaths next underlying 
the first are then attacked and, since the internal parts are softer than those 
outside, the rot spreads with increasing rapidity as it approaches the apical 
bud. When the growing point in the centre of the bud is reached, it also 
is destroyed, and the whole head withers and falls off. Not alone therefore 
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is the crop lost, but the whole tree is killed, the damage caused in the 
affected districts being very heavy. 

In the disease spots on the leaf sheaths and also on the withered fruit 
stalks, a fungus of the genus Phytophthora is found. There is little doubt 
that this is the cause of the disease. The few species of PliytophtlioTa are 
all virulent parasites, and though the well-known Phytophthora infestans^ the 
cause of the potato disease, has been grown on dead substances, its develop- 
ment is much less vigorous than on its living host. The betel palm Phytoph- 
thora is evidently, from its position, anatomical characters and the enormous 
quantity of spores which it produces, an active parasite. 

The fungus consists of a mycelium or vegetative part living within the 
tissues of the palm and extending out on to the surface, and of sporangia 
or reproductive bodies formed exclusively on the external filaments of the 
mycelium. The internal part consists of colourless threads lying between 
the cells. Here and there these filaments reach the surface and grow out 
into short branched threads. At the ends of these, and also sometimes on 
short stalks set laterally, the sporangia are produced. They are pear-shaped 
bodies with the broad end attached to the stalk, from which they fall easily. 
In water they germinate rapidly, giving rise each to a dozen or more tiny 
swimming spores, the zoospores. These swim off in all directions and after 
a time come to rest, get quite round and in their turn germinate by putting 
out a thread. It is by means of these sporangia and zoospores that the 
disease is propagated. 

Since for their proper germination Phytophthora sporangia require to 
fall into water, most if not all the diseases due to these fungi are closely 
dependent on conditions of moisture and rainfall. Ifor the spread of the betel- 
nut disease, which appears to begin on the flower and fruit stalks, it is 
necessary that the moisture conditions should be favourable during the time 
of setting of the fruit. The, heavy monsoon rains in these parts of 
Mysore begin in June and last until the end of August or September. The 
following observations may serve to explain the increase in severity of the 
disease in recent years, and also its restriction to a single area. 

When the disease first made its appearance, some thirty or forty years 
ago, it was customary to harvest the nuts in November or December. For 
the last twenty years the harvest has become earlier, being sometimes 
collected as soon as July or August. This indicates a change in the habit 
of the tree, due either to a different method of treatment or the introduction 
of an earlier variety. The effect of this is to expose the fruit stalks to 
infection at a time when the moisture conditions are most favourable for its 
growth. In some gardens the harvest is still gathered in December, and in 
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these I .vae informed that there is little complaint of loss from the disease. 
In Mudigere and adjoining parts of Mysore the harvest is ordinarily in 
December and January, and the disease does not appear to have obtained a 
hold in this district. Similarly, though the whole of the country approachino- 
the ghats obtains a very heavy rainfall, the harvest is later than at Koppa in 
^ most places, and here also I was informed disease does not appear. The 

I cultivators themselves are aware of the deleterious effects of rainfall during 

the maturation of the nuts. At Koppa they have devised a remarkable 
, method of protecting the bunches during the monsoon. Before the 

commencement of the rains each bunch is covered with a thatch made of the 
leaves or expanded flower stalks of the palm. It is stated that considerable 
’ benefit has resulted from this practice. 

in endeavouring to check the disease, two objects should be aimed at. 
The first is to revert, if possible, to the late harvested crop of former years. 
This may be possible by altering the methods of cultivation now in use in the 
betel gardens. To ascertain if this is possible, a much fuller inquiry is 
necessary than I was able to undertake. It may be that by a less forcing 
treatment the palms are in many places trenched to a depth of six inches, 
the trench filled with cattle manure, and a mulch of leaves, new soil, etc., 
applied round their bases— a later crop would be obtained. Experiments are 
necessary to settle this point and also the degree to which it will be really 
^ective in preventing the spread of the disease. Search should also be made 
for later varieties of beteJ palm, if such exist. 

Tbe other and more efficient method of prevention is the improvement 
of the covers used for the bunches. The covers now in Use are far from 
.satisfactory. They dry and crack in fine weather, and during long continued 
rain rot and fall to pieces. They are tied over the hunches as soon as the 
rains begin, and no disadvantage appears to result from the shade which they 
cause. Bat leaky covers are likely to be worse than none at all, for they 
check evaporation and ventilation, and preserve a moist atmosphere around 
the bunches which is bound to favour the growth of the fungus. The use of 
tin covers would, 1 believe, not be beyond the means of the well-to-do owners 
of gardens, and would be far more effective than the palm ones. An edu- 
cated native of Koppa informed me that he had made experiments with zinc 
covers with very good results, the covered nuts remaining quite sound while 
those uncovered rotted. The tin covers would last for several years and, if 
made on a sufficiently large scale, would not cost a sum beyond the reach of 
the ordinary betel grower, and would repay their cost in a single year in all 
probability. It is well worth while endeavouring to introduce the use of 
these tin covers in the affected districts as a substitute for the leaf ones. 
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BETEL NUT PLAGUE IN SYLHET. 

The cultivation of the betel palm is one of the chief industries of many 
tracts in Sylhet, and a serious disease would be expected to attract a consider- 
able amount of attention. It is, however, a curious instance of the fatalism 
which is such a bar in India to the application of certain sorts of scientific 
agricultural practice, that the disease here mentioned should scarcely have 
been heard of until a couple of years ago. As a matter of fact, enormous 
number of palms are dying over a large extent of country, and the cultiva- 
tors themselves are in a state of passive despair in face of a calamity which 
they cannot understand. 

The extent of the area affected is quite unknown, but it includes almost 
if not quite the whole of North Sylhet. I have seen the disease from Chhatak 
to Badarpur in greater or less severity, but there are centres where the loss 
is very much more serious than elsewhere. One of these is Kanairghat 
which I visited in May 1905. In Kanairghat and the surrounding villages 
there are hundreds of acres of betel gardens, and the actual loss suffered 
amounts in many cases to more than seventy-five rupees an acre annually, 
while some gardens were seen in which fifteen-sixteenths of the trees had 
been killed. 

The symptoms are quite characteristic and are readily recognised by the 
villagers. As in the Mysore disease, one of the earliest signs is a dropping 
of the nuts. Almost the whole produce of the palm may be lost in this way 
at an early stage in the disease. Very soon the swollen green part at the 
top of the stem, below the leafy head, is found to be diminishing in size, 
and quite the most striking symptom is this; change from the graceful curved 
swelling of the coverings of the terminal bud to an almost straigbt-sided cone 
at tbe top of the tree. Withering of the outer leaves accompanies this 
change, leaf after leaf withering until the whole head dries up and falls off. 
The fiinal appearance is just the same as in “ kole roga.” 

In the early stages of the disease the leaves and terminal bud show no 
signs of rotting, and even after the outer leaves begin to wither and the 
head to shrink, the conditions resemble those which would be caused by 
drought or some general disturbance, and not by a local disease at the 
crown of the palm. No trace of any parasite fungus can be found in the 
earlier stages at the top of the tree. The stem is generally healthy. Below 
ground, however, matters are different. Here there is invariably a rot, 
either of the roots or of the below-ground part of the stem, even in very 
early cases. A large number of trees of all ages were dug out and ex- 
amined, with the result that the presence of a root disease was placed 
beyond doubt. In some CW3 the base of the stem itself remained healthy, 
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while all or most of the feeding roots were destroyed. In others the rot was 
more visible in the stem. The characters of the rot were similar in all cases^ 
the wood being turned brown and filled with the mycelium of a fungus. Usually 
this fungus was found to have invaded the ends of the roots and to have 
progressed along these into the stem, killing the tissues as it advanced. But 
whether it originates in the roots or appears first in the tissues of the 
collar, the effects are always the same and are quite sufficient to account 
for the death of the trees. 

A number of root-destroying fungi are known in different parts of the 
world. In most cases their attack is more or less similar to the above. The 
Himalayan deodar disease, due to Fames annosus^ attacks at first the lateral 
roots and works its way into the stem, where it sets up a destructive rot, 
eventually killing the tree. Similarly the Rosellinias, of which several differ- 
ent species are responsible for the disease known as stump rot’’, which is so 
common in tea and coffee estates, act in much the same manner. In all, from 
the position of the attack, remedial measures are extremely difficult, though 
the fungus may be prevented if taken in time from spreading to adjoining 
trees. The case which has been most fully tested is “ stump rot.” Several 
outbreaks of this have been checked on the writer’s recommendation by 
trenches carried round the diseased patch in the earlier stages. The 
trenches were about two feet deep and a foot broad and were carried well 
outside the ground which the diseased roots might be expected to occupy. 
Ihe trees inside the trench were pulled up and burnt, the ground being 
levelled and allowed to remain fallow for over a year. No new cases 
occurred outside the trench, though where this treatment is not adopted 
the diseased patch continues to expand almost indefinitely. Similar results 
have been obtained in Oeyloh and elsewhere. 

The following observation suggests that the same treatment may be 
successful in checking the betel-palm root disease. In a village near 
Kanairghat, I visited a very large garden in which over fifty per cent, of the 
palms were dead or dying. One corner of this was found almost entirely 
free from the disease. This was separated from the rest by a ditch which 
cut off sharply the diseased from the healthy portion. Everything appeared 
to indicate that the salvation of this part of the garden was due to the 
presence of the ditch. 

To be effective, trenching must be undertaken as soon as the first disease 
appears in a garden. The trench should be two feet deep, about a foot broad 
and drained so as to prevent water accumulating in it. It should entirely 
surround and cut off the first affected palms. It is unusual for the whole 
of a garden to be attacked simultaneously. Generally one or a few trees are 
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first affected, the disease spreading from these. Though it is probable that 
a pari of the spreading is due to spores, infected soil or something of the 
sort being conveyed through the air or on the feet of the cultivators, the 
main infection occurs through the ground. Very few known fungi travel 
through the subsoil, most living in the upper layers and, where parasitic, 
attacking the superficial roots only. Hence a gap in the soil two feet deep is 
amply sufficient to stop this progress. But while the mycelium cannot gain 
across through the air, it probably can through stagnant water and certainly 
through dead leaves or debris, should any be allowed to lie in the trench. Hence 
it is absolutely necessary to keep the latter clean and to drain off any standing 
water which may lodge in it. Should it be desired to utilise the ground 
inside the trench for replanting at an early period, the diseased palms should 
be cut down and their roots dug out and the ground turned over at frequent 
intervals for a year. This by itself is frequently sufficient to destroy the last 
traces of a parasitic fungus in the soil, but the process may often be shorten- 
ed by adding lime. When the palms have been removed, a crop of plantains 
or other garden produce can be immediately grown with safety, as the 
disease does not spread to any of the common crops seen. After a year, if 
treated as above, betel palms may be transplanted to the infected place and 
will probably escape attack. 

As regards the identity of the fungus, little can be said. From the 
presence of what are known as clamp-connections ” in the mycelium, it is 
probably one of the “higher’’ fungi — toadstools, bracket fungi or their 
allies. One such was found very frequently on the base of the stem of dead 
trees and has been identified as Fome.s lucidus, a common tropical fungus, 
which there is considerable reason to suspect of parasitism on trees. But it 
is quite impossible to speak with any degree of certainty, and the actual 
working out of the cause of the disease would probably occupy a mycologist 
for many months. Enough has been said above to make it clear that the 
disease is a root rot and that there is evidence of its spread chiefly through 
the soil ; and this being so, the treatment must follow the lines above suggest- 
ed, direct cure being out of the question. 

DiSIASB of PAIiMYRA AND OTHBE. PALMS IN GODAVABI. 

It was stated in 1904 that a disease was ravaging the palmyra palm 
{Botassus flahellifeT) plantations which are such a feature of the landscape in 
the Godavari Delta. Next year it was reported that cocoanut palms were 
also being attacked, and the danger which might arise if such a disease 
spread to the rich palm-^growing districts of South India was at once 
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The disease is said to have been noticed as far back as 1897. It has, 
however, only attracted attention by its extension within the past two or 
three years. It is said to have been seen first in Addunkivarilanka, an island 
in the north channel of the Godavari (see plate XX)/ From here it spread to 
the Ainalpnram talnk on the southern bank and to the Ramachandrapuram 
taluk on the northern bank. It is now found in an area on both sides of the 
noithern channel, occupying the whole of the Amalpuram taluk except the 
swamf)y district towards the sea, while on the Ramachandrapuram side it 
has reached Anaparti, about twelve miles from the river. Along the banks it 
extends some thirty miles, from the vicinity of the French settlement of 
Yanam to Madiki and Lolla. As in most other cases of infectious disease, it 
does not occupy an absolutely continuous area. Some villages have escaped 
though surrounded by diseased localities, and in some directions extension 
has progressed much more than in others. Thus the disease has been known 
at Polanka for six or eight years, and a mile or two to the east the palms are 
dead in great numbers ; yet another mile along the canal not a single case 
was seen in thousands of palms visible from the banks. It may, however, be 
said in a general way, that in a circle from the centre at Addunkivarilanka 
where it is said to have started, with a radius of fourteen miles, most of 
the villages are affected. In the portion of the Ooconada taluk towards 
the river, some twenty-five villages have reported the presence of the 
disease. 

In the early period of the epidemic, the opinion was held by many of the 
local officials and prominent landholders that insects, particularly a large 
(cockchafer) grub which is common enough in diseased trees, were the cause 
of death. But it is certain that they havr nothing to do with it, for the 
whole nature of the disease is opposed to such -a view, and a number of trees 
in the early stages were examined without finding the grub. The sharp 
limitation of the affected locality such as is found, for instance, near Yanam 
and Kolanka, joined to the slow spread through an almost continuous area, 
shows an infection by some germ incapable of rapid transmission. Most of 
the persons with whom I discussed the disease had already given up the idea 
that it is due to insects. 

The extent of the damage can only very roughly be estimated. Along 
the Amalpur east bank canal seventy-six per cent, of one hundred and thirty 
consecutively counted palms were dead. This was a very bad place. In a 
similar line near Kolanka thirty per cent, were dead. Elsewhere every pro- 
portion down to few or no dead trees was seen. Possibly about ten per cent, 
of the palmyra palms of the above mentioned area have been killed. The 
trees are said to be worth from one to two rupees per annum, and the loss 
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already sustained, though much less than that due to the Sylhet betel palm 
plague, must run into lakhs. 

The most serious aspect of the matter is the fact that cocoanut palms 
are undoubtedly subject to infection. In Ramachandrapuram taluk a few 
cases only were seen, but in Amalpuram they are numerous, though fewer 
than in the palmyra. This is perhaps due to their harder tissues which 
oppose a barrier to infection. In one locality some two hundred dead cocoa- 
nut trees were seen ; elsewhere only a dozen or two. The danger is that the 
disease may increase in virulence in regard to cocoanut palms if allowed 
to rage unchecked, and this is the most urgent reason why prompt measures 
to stamp it out are called for. A few betel palms were found attacked 
apparently by the same disease, but the cases were too far gone for satis- 
factory examination. 

As in the other palm diseases above described, the symptoms are such 
that it can be recognised fairly easily. Most of the proprietors were able to 
point out even the early cases, their statements being cheeked by cutting 
down a number of the palms indicated. The earliest sign is an alteration in 
colour of one of the leaves, usually one of those recently expanded towards 
the centre of the bud. This turns white and soon afterwards commences to 
wither. Other leaves are attacked in turn, the heart of the bud is reached* 
and the whole top withers and falls off, the last stage often being reached 
only after a considerable time. In cocoanut palms the same general course 
is followed, but here if the nuts have been formed before the attack becomes 
severe, they are often dropped prematurely. No new nuts are formed once 
the characteristic symptoms show. No case of absolute recovery was met 
with, but in one or two seen it was said that the disease had been cheeked 
for a time and had then recommenced. 

The whole of the stem and root system is perfectly healthy up to a late 
stage in the disease. With the crown, however, the case is otherwise. The 
expanded parts of the leaves are, it is true, unaltered and apparently healthy 
until withering sets in. In the leaf sheaths, however, the signs of disease 
are unmistakeable. These sheaths are a remarkable feature of the structure 
of most palms. They form a series of twenty or thirty tube-like layers 
closely applied one under another so as to form a funnel. The actual top of 
the stem or apical bud is sunk in the centre of thivS funnel and protected by 
it, a protection which is a necessary one, for it is the most vulnerable part of 
the tree and death follows its destruction. To reach the apical bud a parasite 
must penetrate these layers. This is what actually happens. 

The leaf sheaths of all diseased trees are marked by irregular, sunken 
spots in greater or less number (Plate XXI). In the earlier stages, and 
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particnlarly in the inner layers where young ones are often numerous, the spots 
are white ; later on they become brown. They are always sunken and usually 
have somewhat raised edges. They begin on the outer sheaths and may be 
traced in through succeeding ones towards the heart of the bud. As the inner 
layers are softer, the inside patches are often larger than those outside, and may 
even give rise to new patches which extend out again to the outside sheath. 
Ill all cases, however, the first appearance is on the outer sheaths. The earlier 
patches are dry and either free from any appearance of a parasite on 
the surface or covered with a white mycelial felt. Very soon a wet I’ot 
follows, which extends with great rapidity in the delicate central tissues and 
converts the whole heart into a foul smelling mass of putrefaction, in 
which everything is involved, and the original agent is lost sight of. It 
is at this stage that the insect grubs referred to make their appearance, 
possibly attracted by the smell. They are, however, of several different 
kinds, often absent altogether, and evidently not connected with the disease. 

It is only in the early stages before the wet rot starts that the true cause 
can be made out. This is a fungus of the genus Pythium^ a near ally of the 
P hytophthora found in kole roga.” In quite young spots the mycelium 
is found only within the leaf sheath tissues, where its threads extend between 
the cells, sending little branches or haustoria into them. These are the feed- 
ing organs of the fungus by means of which it absorbs the living cell 
substance and kills the cells. Later on it comes out on the surface, forming 
often a dense white felt or filaments bearing sporangia. The fungus resembles 
that found in ‘‘ kole roga.” It is, however, formed of larger threads and 
has a different manner of germination of the sporangia. Instead of the 
zoospores escaping directly from the sporangium after it falls into water, 
they come out in an immature condition into a thin bladder formed at its top 
and finish their development here. Then they escape and swim off in 
every direction. After they come to rest they germinate quickly by putting 
out a thread which can reproduce the whole fungus. 

Dissemination may be brought about in several ways. Withering of 
the head may expose the inner sheaths where most of the spores are produced, 
or some of the latter may occasionally form on the outer layer especially on 
the secondary spots which develop from diseased patches in the inside ; in 
either case they would be carried about by the wind. Once the wet rot 
which invariably follows has appeared, this mode of spread is not likely to 
occur, though there is a second spore form sometimes produced, which may 
be capable of surviving the general putrefaction. This second spore is a 
sexually produced “ oospore” with thick walls and germinating in a different 
manner to the ordinary sporangia. It belongs to a class of spore forms 
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whose chief function seems to be to carry on the life of the fniigiis plant 
through periods of hardship ; for while the ordinary sporangia can only 
germinate within a few days from their time of formation, the oospores can 
often remain capable of germination for many months. It is quite possible 
that when the whole head has rotted away, these spores get blown about and 
germinate on a new palm. Insects also may assist in the spread, should they 
gain access to the spore bearing mycelium on the surface of the spots. Infec- 
tion might also be carried by the knives of the toddy drawers, since each 
tree is climbed every year either to draw toddy or to cut the leaves. But 
whatever the usual mode of conveyance, it is evidently slow, and this is prob- 
ably due to the fact that spore formation occurs usually between the inner 
layers of the bud, where they are not exposed to wind or any other of the 
usual modes of dissemination. 

Nothing but the most energetic action is likely to avail in checking 
a disetise of this kind. No remedial measures intended to cure trees already 
attacked are possible. The disease is invariably ftital, and only drastic 
measures directed to removing the source of infection can be relied on as 
beins of the least use. In view of the fact that the area affected is small 

■ ..O 

and that, so far, the disease is not known to exist outside the Godavari Delta, 
a vigorous effort is required to stamp it out before it has got beyond control. 

The disease may be fought in two ways. The formation of spores may 
be checked by cutting off the bud from the stem as soon as the tirst leaf 
turns white. This entails little real loss except the cost of labour, for the 
palm is doomed once the early symptoms appear, mid the flow of toddy on 
which the chief value of the tree depends is likely to be small during the 
remainder of its life. At the same time infection of healthy trees can be 
guarded against by brushing or spraying the outside of the l)ud below the 
expanded leaves with a fungicide. 

The following suggestions are made for an organised campaign against 
the disease. A special staff is required, for it is certain that, at first at least^ 
the villagers will be slow to take measures for their own protection. If, 
however, the results bear out the value of the work, real co-operation may be 
expected before long. A number of expert palm climbers (such as toddy 
drawers) should be selected under the charge of an agricultural inspector or 
some similar official and provided with small axes or saws. They should be 
instructed to climb all diseased trees, both those in the early stages and those 
already dead, and to cut off the green tops below the swelling of the leaf 
sheaths. It is particularly essential that all trees in the early stages should 
be dealt with, and these can be recognized, where the villagers themselves 
are unable to do so, by the whitening of one of the leaves towards the centre 
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ot the head. Atter cutting off the heads, the whole of the tops should be 
collected into a heap in each village and burned. In this way ever}’ dead or 
attacked palm in a selected area would have its power of spreading infection 
destroyed by burning the diseased parts, and this measure alone, if steadily 
pursued, is certain to give good results. The infectious matter is confined to 
the head of the palm and, as the tree is doomed once the disease appears and 
will yield little or no further profit, its removal costs little but the actual 
expense of labour in cutting it down and burning it. 

lo save healthy trees within the affected districts, in places where they 
are surrounded by large numbers of dead or dying trees, is difficult unless 
the above measures are very thoroughly carried out. But the chances of their 
infection may be very largely diminished if they are brushed with Bordeaux 
mixture on the leaf sheaths when the removal of diseased trees commences. 
Bordeaux mixture is a substance which adheres strongly to the surfaces 
of plants and, being poisonous to fungus spores, it prevents their germination 
or kills the young germ filaments as soon as they appear. A second gang 
of toddy drawers should be employed for this work and provided with small 
vessels containing the mixture and mops of rags for brushing it on to the 
sheaths. The expanded leaves need not be brushed, but only the leaf sheaths 
below these. One man should be able to do from 30 to 50 trees in a day, 
and if the work is done at the time that the trees are climbed for cutting the 
leaves, the cost of the labour should be small. The men employed for 
removing diseased trees should not be allowed to climb healthv ones, as there 
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is given on testing. Or a clean steel knife niaj be dipped in it and if more 
lime is necessary, a deposit of copper will form on the knife. If none is 
formed, it is ready for use. Stir well before using. 

Similar remedies have been advocated for a cocoanut palm diseavse 
known as bud rot/’ which is attracting much attention in Goba and the 
West Indies at the present time. This disease has many points of similarity to 
the Godavari one, though different causes have been provisionally assigned for 
it. It has been found by Mr. Cradwick in Jamaica that spraying the trees 
with Bordeaux mixture when they show the first sign of disease has been 
ejffectual, and it is hoped, in Jamaica at all events, that with the use of 
Bordeaux mixture the disease may be kept in hand. Mr. Busck of the 
Division of Entomology of the U. S. Department of Agriculture, who 
investigated the disease in Cuba in 1901, believes it to be a fungal one and 
considers that its fatal nature precludes a remedy for trees already infected 
and leaves only the prevention of the spread of the disease as the object for 
man’s intervention. He recommends the cutting down and burning of the 
tops of the diseased palms. Dr. Erwin Smith of the same Department 
studied the disease in Cuba in 1904. He believes the disease to be a 
bacterial one but gives the same general measures for treatment. Diseased 
trees should be felled and the terminal bud burned or properly disinfected 
with sulphate of copper. Mr. Fetch, Government Mycologist, Ceylon, gives 
an account of a cocoanut disease, which he considers identical with bud 
rot,” in a recent circular of the Royal Botanical Gardens, Ceylon. He also 
recommends the removal and burning of the tops of diseased trees. 

To be effective it is absolutely necessary to have united action in 
carrying out the measures recommended above. It is useless For one village 
to remove the source of infection if diseased trees are allowed to remain in 
neighbouring fields to convey infection back again. But the opportunity 
is a rare one, for the limitation of the disease is such as to render concerted 
action possible, and there is at least a fair prospect of being able to stump 
it out before it passes beyond control. 



SOME USEFUL FOREIGN MACHINES AND 
IMPLEMENTS AT THE NAGPUR FARM. 


By D. CLOUSTON, M.A., b.sc. 


DepiUy Director of AgricuUurey Central Promnces. 


The object of tillage is to bring the soil into that state of tilth best 
suited for the crops to be grown thereon. By tillage the surface soil is 
pulverised and brought into an open porous state. In Europe and America, 
the tillage implements stir the soil to a depth of about seven inches at least 
once in the rotation. In Berar and parts of the Oentral Provinces, where 
the hakJiar (barrow or scarifier) is the implement mostly used, the average 
depth of cultivation is not more than four inches. This method of tillage, 
practised year after year, tends to give rise to a hard close-grained soil 
immediately below the four inches of loose soil produced by the hakhar. 
But for the fact that our black cotton soil cracks in an extraordinary manner 
in the dry season, this shallow cultivation would undoubtedly be more 
mischievous than it is in producing poor returns. That the crop returns 
obtained by this practice are lower than they would be after deeper cultivation 
with foreign ploughs, I shall prove later from results obtained on the Nagpur 
Experimental Farm. The hard close-grained condition of bottom soil, 
which the hakliar tends to produce, is liable to give rise to water-logging 
in low-lying districts in the rainy season, and to excessive drought when the 
dry weather sets in. Water, it is true, will rise higher in such a soil than 
in one of a looser texture produced by deeper tillage, but this advantage 
is more than counterbalanced by the fact that it rises much more slowly 
and therefore fails to supply the roots of the crop with the necessary 
amount of moisture when excessive surface evaporation is going on. 
Deeper tillage also gives the plant a greater root range, thereby enabling 
it to obtain food and moisture from depths never reached by its shallower 
rooted neighbour. Shallow cultivation tends to produce shallow-rooted 
plants which are less able than deep-rooted ones to withstand conditions of 
drought. 
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or me implement should be as low as possible, it should be more efficient than 
the native implement which it is to replace, and it should be of a kind that is 
easily and cheaply repaired. A sensible ryot will naturally shake his head, 
if asked to purchase any elaborate implement or machine which he cannot 
aflFord to buy and which the combined mechanical skill of his village could 
not mend for him, should it once go out of order. 

The objection raised by Indian cultivators to the use of foreign ploughs 
generally has been admirably summed up in the words “ they are too dear 
for their pockets, too heavy for their cattle and cannot be repaired by local 
labour.” Of all foreign implements sold at the Nagpur Experimental Farm, 
none has given greater satisfaction than the Swedish plough, against which 
none of these objections can be raised. The original Swedish plough shown 
below is an all-iron plough imported from Sweden at a cost of Rs. 25. 


The Obiginal Swedish Plough, 


The implement now sold at the Farm under that name is one that is made 
in Nagpur by a native mechanic. The body is formed on the pattern of the 
original Swedish plough ; the beam and stilts are made of wood. For 
making the iron parts, all that is required is a piece of angle iron cut to the 
proper length to form the sole, and a piece of ordinary wrought sheet iron ^th 
of an inch in thickness from which both share and mould board are made. 
The maker has a wooden mould made from the pattern of the original plough, 
and on it he shapes his wrought-iron mould board. The share is made from 
the same sheet iron, the thicker part being made by doubling in the edge 
on itself. 

The share is the one part of the present plough that requires improve- 
ment. Instead of having a removable share held in its place by the iron 
point of the breast which fits tightly into its socket, the maker rivets on 
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the share to an extension of the mould board. There are two objections to 
this— (1) the heads of the rivets are left projecting above the surface of the 
share, thus causing resistance when the plough is drawn through the soil ; 
and (2) there is a great deal of unnecessary trouble in fixing and unfixing 



The Nagpub Swedish Plough. 

.... ■ 

such a share. Overlooking these deficiencies the plough has, in a marked 
degree, the good qualities ordinarily desirable for a plough in the Central 
Provinces. It is cheap, the initial cost being only Rs. 16 ; it works both 
in wet and in dry land ; it is light and easy of draught. Two ordinary 
bullocks easily plough from two-thirds to three-fourths of an acre of arable 
land with it in eight hours. When land which has been out of cultivation 
for some time is to be broken up, stronger bullocks are required, and a 
much smaller area can be got over. It both inverts and pulverises the soil^ 
and one ploughing only is necessary if followed by the usual harrowing. 
It is a very useful plough for breaking up waste land. At the Ho.shangabad 
Experimental Farm a plot in an area which had long been overrun with 
Kans (Sacekarum spontanmim) grass was broken up last year by the 
Swedish plough, and gave a yield of 2801bs. of gram. We recommend the 
Swedish plough to the Central Provinces cultivator of black soil as being a 
very cheap and useful implement. A skilful village smith should be able to 
renew the parts as they get worn out, or even make a new plough if 
necessary. The plough has now been long in use in the Central Provinces, 
and still continues to maintain its reputation as a first class implement both 
for arable cultivation and for breaking up and reclaiming waste land of all 
kinds. Twelve of these ploughs were sold by the Department this year. 
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iiansome s Turnwrest plough is another implement that lias found 
favour both on our Experimental Farms and among the better class of 
cultivators who have tried it. At the Raipur Farm it has given entire 
satisfaction in breaking up waste land at the rate of one-fifth of an acre 
per day of eight hours during the dry season. It is very strongly recom- 
mended for areas infested with Kans grass. Such land can be broken up 
during the time of the winter showers. If well stirred by the hakliar 
during the dry season which follows, the roots will die from exposure to 
the drought and the heat of the sun. This plough is a very strong and 
durable implement, the parts being all iron or cast steel. For well-to-do 
cultivators its price (Rs. 40) is not prohibitive. The only part that is likely 
to require much repair is the share which is made of the best cast steel. 
The depth and breadth of furrow are regulated by adjustment of the bridle 
and wheel respectively. The plough is suitable for any depth of tilth up to 
ten inches. Where green-soiling is practised, an implement of this type is 
invaluable for making deep furrows in which to cover in this bulky manure. 
The fact that the mould board of this plough can be worked on either side, 
and that the bullocks can therefore go and return again by the same 
furrow, should recommend itself to Indian cultivators, whose bullocks are 
trained to work along only one side. 


English Tgbnwrbst Plough. 


We recommend these two foreign ploughs to all cultivators of black 
soil, who have difficulty in getting their fields for rabi crops tilled during 
the breaks in the rains. As the work can be done more quickly 
by them, they enable the cultivator to take advantage of seasonable 
opportunities^ 
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The cost of working as compared with that of the native plough has 
been ascertained by experiment on the Nagpur Farm, and is given below : — 


Kind of plough. 

Cost at 
Nagpur, 

No. of 
ploughings 
necessary. 

Labour 

employed. 

Time taken 
per acre. 

Cost per 
acre. 


Rs. 



Hours. 

Rs. A, ,P. 

Swedish plough 

16 

One 

One pair of 
bullocks and 
one man. 

11-51 

1, 13 2 


Country plough 

6 

Two 

Ditto 

26-32 

2 11 10 


To plough and cross-plough, the country plough took more than twice 
the time required by the Swedish plough, and the cost of doing the work is 
proportionately higher. Against this must be put the higher initial cost of 
the Swedish plough and the greater cost of repair, but the latter can be done 
locally and amounts to only a small item. 

In practice it is found that these foreign ploughs can be used very 
economically not only from the point of view of the saving of time, but 
also from the better orop-peturns obtained after their use. An experiment was 
initiated at the Nagpur Farm in 1900 to compare the use of the Swedish 
plough with that of the country plough and bakhar. Three plots (* 25 acre 
each) were chosen and treated as shown in the statement given below. 



Plot L 

Bakhared (scarified) 
every year. 

Plot 0. 

Ploughed once with 
country plough and 
scarified. 

Plot IH. 

Ploughed with Swedish 
plough and scarified. 


Grain. 

Straw. 

■ Grain. 

i ■ .. 

Straw. 

Grain. 

Straw. 

Average 5 years 
1900-1905 

Average percent- 

583 

768 

1 655 

i 841 

712 

997 



1 ■ ■ ■ , 1 

age gain on 
Plot I 



12% 

9% 

22% 

Wo 

Gain in value on 







Plot I 


M 

Es. 2/13/10 

Rs. 5/8/11 


Another implement for which there is a gradually increasing demand in 
these Provinces is Hardens Winnower, which is one of the best machines in 
the market at the present time for cleaning grain of all kinds. Its mechanism 
is very simple. There are two toothed wheels of which the larger is turned 
by means of a handle j the smalloir is attached to the end of the axle of the 
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wooden fanners or ‘‘blowers^’. The quick revolution of these blowers 
produces a draught which acts on the seed as it trickles down through the 
slot of the hopper on to riddles or sieves beneath. The chaff and dost are 
blown out behind the machine. The heavier grain, on passing through the 
holes of the riddles, falls underneath the machine, while all extraneous matter 
such as lumps of earth, bits of straw, &c., which are too large for the holes 
are shaken out over the ends of the riddles and fall among the chaff. If 
only the very best grain is wanted, then a larger proportion of the lighter 
seed can be got rid of by increasing the draught, by increasing the speed 
of turning. Winnowing thus comes to be a sorting process. Each machine 
is supplied with riddles which vary in the size of the meshes so as to be 
suitable for grain of different sizes. The amount of shake given to these 
riddles is regulated by two cranks with a connecting rod. The one, a disc 
crank, is attached to the axle of the fanners ; the other, a lever crank, is 
connected with the riddles. You can diminish the distance through which the 
connecting rod works by fitting it into an inner hole of either crank. This 
reduces the circumference of the disc crank, and the swing of the lever crank. 
The riddles thereby get a shorter and slower shake. The smaller the grain, the 
shorter and slower is the shake required. This winnower is figured below. 



Haedbr’s Winnower. 


The number of riddles supplied with each machine is generally seven. 
Only three of these are used at a time. These riddles are numbered 
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according to their size of mesh. Though the combinations necessarily vary for 
different kinds of grain, still the principle on which the selection of riddles 
is made is the same for all. The top riddle is one of a big mesh which 
eliminates only bits of straw, unthreshed pods or ears, and other bulky matter. 
The second or mid riddle, with a continuous draught blowing over it, allows 
only the valuable part of the grain to pass through it. The third or lower 
riddle accounts for the dust only. The dust on passing through collects into 
the box at the bottom of the winnower. 

Another point that is not always understood is how to regulate the 
draught. Grain on being put through the winnow’-er for the first time generally 
contains a high percentage of chaff and dirt, and therefore requires a 
proportionately strong draught. This draught can be made greater by 
increasing the speed of turning, or by admitting more air to the fanners by 
sliding back the side doors. In dealing with a grain of small size such as 
sessamum, or in winnowing a larger sized one, such as wheat, a second 
time, we would both diminish the speed of turning and partly close these 
sliding doors. 

To become popular among Indian cultivators this splendid machine only 
requires to be known. The farmer, who waits for the uncertain winds that 
will enable him to practise native methods of cleaning his grain, has often to 
leave it long exposed on his threshing floor, and frequently suffers grievous 
loss from the damage done to his grain by untimely showers of rain. During 
the last season our cultivators have suffered much loss in this way. Tests 
have been carried out to compare the amount of work done by this machine 
with that done by the ordinary country method of cleaning grain. The 
outturns in pounds per day of eight hoars are given below. Four men were 
employed in each case. 


Outturn by common 
country method* 


Name of crop. 


I Outturn by Winnower 


Eice and small millet 

Wheat 

Gram 


Very little labour is required for driving the winnower. A boy will do 
the work with ease for hours on a stretch. The price of this American-made 
machine in STagpur is Rs. 112, but a stronger machine of the same pattern is 
now made in the Central Provinces for Rs. 90. The wooden parts are made 
of teak, which does not warp, so that it is a much better implement for a 
tropical climate than the American original. W e strongly recommend this 
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winnower to all cultivators who want to be independent of the exigencies of 
the weather, and whose desire it is to send their grain to market in a clean 
undamaged condition, Twenty-seven of these machines have been sold from 
ISTagpur within the last year. 

Ihe corn sheller shown below is a most useful machine for districts 
where maize is grown. 


Mai!2B Sheller. 


Its price is only Rs. 6-8. It consists of a wheel to which the handle is 
attached. On the same axle with this wheel is an iron disc with teeth 
projecting at right angles to its surface. The worker turns the handle with 
his right hand, and with the other places the cobs into the hopper. The cobs 
are drawn down and the seeds torn off by the revolving toothed disc. F or 
work the machine is fixed by two nuts and screws to the corner of a box with 
the handle towards the outside. The seeds fall inside the box, while the 
shelled cobs drop down on the outside. Maize-shelling by hand is a laborious 
process, particularly if the cobs are at all green and tough. While with 
the hand one man can only shell 50 lbs. per day, with this machine he can do 
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Another machine that has come much into favonr in the Central 
Provinces of late, is Harder’s Fodder-Cutter, which may be used for fodder 
crops of all kinds, but which is used mostly in these provinces for sorghum. 
When the coarse sorghum stalks are fed to bullocks, the thick lower parts 
are rejected. Three-fourths of this good fodder is thus often wasted. In the 
Northern Districts, indeed, sorghum in this form is so little valued as a 
fodder, that the heads alone are harvested and the stalks are left on the 
ground, where they are burnt the following spring. In this way a valuable 
fodder is completely wasted, and an attractive breeding ground is offered to 
injurious insect pests, some of which harbour in these dried stems. When 
these sorghum stalks are finely cut with the fodder-cutter, the cattle eat up 
every morsel with relish ; part of it is assimilated and part of it excreted, 
adding to the quantity of manure available for the fields next year. The 
value of the ash left when the stalks are burnt on the field is insignificant. 
We strongly recommend this fodder-cutter for all sorghum tracts. It will 
enable the cultivator to use with great advantage a product of his form, which 
in some tracts he has come to regard as a mere encumbrance to his land. The 
chief parts of this machine are the wooden trough with two ridged iron 
rollers at one end. These revolving in opposite directions, draw in the 
stalks fed from the trough. Behind the rollers are four revolving steel 
blades which, as they come round, cut off slice after slice of the stalk. 
Between the blades and the rollers, there is an iron bar which supports the 
stalk while the knives are doing their work. The machine can either be 
driven by hand or by bullock-gear. Tests carried out on the Government 
Farms have shown that three men can prepare 1,200 pounds of cut stalks 
with one of these machines in a day of eight hours, while three men and 
two bullocks working a round-about gear prepared 3,170 lbs. or what would 
be sufficient fodder for nearly 80 bullocks for a whole day. Where the 
making of silage is practised, the sorghum stalks can be cut after harvest- 
ing the cobs and made into ensilage. Sorghum and maize cut green as a 
fodder crop on the Nagpur Farm have been found to make first rate 
silage if treated in this way. The stalks can be cut to almost any degree 
of fineness. The lengths of the slices will depend on (I) the speed at which 
the rollers work in drawing in the stalks, and on (II) the number of knives 
employed. The machine is supplied with three gear wheels differing in size. 
The smaller the wheel employed the quicker the motion of the rollers and 
the shorter the slices. If on the other hand only two blades are employed, 
the slices will be twice as long as when all the four are working. The price 
of this fodder-cutter is Rs, 130, Thirty-two of these machines have been 
sold by our department thip year. 
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While admitting that in recommending and advertising Western im- 
plements and machinery to the Indian cultivator, Agricultural Departments 
should exercise the very greatest possible amount of caution, still I believe 


Haedbe*s Foddbb Cutter. 


that those described above have come to stay. There are others, such as 
Mayfurth’s Thresher and Platt’s Cotton Gin, that are very excellent pieces 
of machinery and do very satisfactory work on our Experimental Farms, 
but their high initial cost has so far tended to check any great demand 
for them. 





SUGAKCANE CULTIVATION IN BEHAR. 


By J. J. WILKIE. 


A FEW years ago sugarcane was, to European planters, an almost 
unknown crop in Behar, but its cultivation is now rapidly extending. I 
propose in this article to give a lew practical hints on the methods of culti- 
vation best suited to Behar, which are based upon my previous experience of 
sugarcane cultivation in British Guiana, my knowledge of local conditions 
in Behar, and my trials of sugarcane in that tract, in the hope that they may 
be useful to the many planters who are now growing this crop. I assume, 
of course, that the planter who goes in for cultivating sugarcane is assured 
of his command of labour, and of a sufficiency of moisture in the soil 

PTeparatoTy Tillage , — It is important that the field selected for cane 
should receive a thorough preparation. The soil should be carefully worked 
by ploughing, cross-ploughing and the like, until it is brought into a fine 
state of tilth, similar to that required for indigo. 

Preparation of Cane Botvs , — This can be done either by plough or by 
hand labour. In many sugar countries the cane row is made by a double 
mould board plough, drawn by several yoke of oxen according to the stiffness 
of the soil. The drills are kept approximately in line by poles which act as 
a guide to the ploughman, and there is no difficulty in getting the oxen to go 
straight when they are trained to the work. 1 consider, however, that the 
preparation of rows by hand labour, which is the method followed in British 
Guiana where only thick varieties of cane are grown, is preferable for 
Behar. In Deraarara the rows are generally dug three feet across with an 
interval of three feet for the intervening bank. The distance must necessari- 
ly depend upon the variety of cane, but for thick varieties of cane in 
Behar, that most generally suitable is a 2^ feet row and a feet bank. 
It will be found convenient in aligning a field to get the largest portion 
possible into a right*angled figure, the offsets being set out afterwards. 

After the lines are stretched from peg to peg, the coolie digs from four 
to six inches of earth from the row and throws it on the intervening space, 
so as to form a bank. The Ikodali,’ the only available tool, is excellent for 
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this work. The earth should also be evenly distributed in order to keep the 
banks of uniform height. 

As the earth will be dug an inch or so clear of the line, when completed 
there will be approximately a 2' 3'^ row and a 2' bank. The cane rows 
will be exactly five feet from centre to centre. The bottom of the cane row 
is then forked or dug with a ‘kodali, ’ so as to pulverize thoroughly the soil 
to a depth of about eight inches in the row. 

Planting,— hi all cane sugar countries only the three or four top joints 
or nodes are used for planting, the remaining portion of the cane being sent 
to the factory for sugar-making. Any portion of an unripe cane will grow 
provided the eyes are sound, but a very ripe cane will not grow except from 
the few top joints where the juice contains a larger proportion of water. 

The methods of planting cane vary considerably in different countries. 
In Jamaica an iron crow-bar is sometimes used to make a hole in the 
ground ; in light soils this is vertical, but in heavy soils the cane-top is 
planted at the angle^ of 45°. In planting thick varieties of cane, the best 
method in Behar is to push the top or set into the row at an angle of about 
25° till the end is flush with the ground. No ends should be left projecting 
above ground. Care should be taken that the eyes are at the sides and not 
at the top and bottom. All tops or sets should be carefully examined to see 
that the eyes are sound, for these are the growing points that form the shoots 
of the new plant, and the roots of each eye spring from the internode or 
ring to which the eye is attached. Great care should be taken that no blanks 
are left, as would be the case if the coolies were not properly supervised. A 
reason for planting the top at an angle is that after the young shoots spring 
from the eyes, they quickly reach the surface. When sufficient tops or sets 
are available, it is always advisable to plant a double row in the trench, the 
best system being that in which the end of one piece is in line with the 

point of the other, like this There is no 

particular objection to covering entirely the planted portions of thin varieties 
of cane, but the method described has been found by experience to be best 
for thick varieties. 

The selection of tops or sets for planting purposes is a matter of great 
importance, upon which depends not only the vigour of the plants, but also 
their freedom from disease. Some useful instructions in this matter are 
given in the last number of the Journal (jsee page 252). 

First Weeding and Covering , — When the young plants are about a foot 
high, the rows should be carefully weeded, and light clean earth should be 
drawn from the sides of the banks into the row, so as to cover the cane row 
to the depth of an inch or two. The intervening banks should also be 
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weeded, the weeds being thrown on one bank only, so as to have one clean 
bank and one trash bank. By trash is meant dried cane leaves and uprooted 
weeds. The reason for keeping both a clean and a trash bank is that they 
may be changed at subsequent operations, so as to ensure thorough weeding. 
Manure is generally applied at this stage, but this matter will be dealt with 
in a later paragraph. 

Second Weeding afid Cleaning of Canes. — When the young canes are from 
three to four feet high, and the larger shoots are forming joints or nodes, 
the bank left clean at the first weeding should be again weeded, the uprooted 
weeds being thrown on it. The dead weeds on the trash bank should then 
be thrown on this clean bank which will now become the trash bank, the 
old trash bank being thoroughly weeded preparatory to tilling and levelling 
it. All the dry leaves at the cane roots must be stripped olf and thrown on 
the trash bank. 

In dirty land it may be necessary to weed much oftener, as it is most 
important to keep the field free from weeds until the cane covers it. Weeds 
rob the cane of its plant food. 

Tillage of Banks. — When the second weeding is finished, the clean bank 
is dug to a depth of six or eight inches below the level of the cane row, 
the soil being levelled. After a week or ten days, the trash should be 
transferred to this tilled bank, and the second bank then treated in the same 
manner. This work can be satisfactorily done by the flat pronged ‘ kodali.’ 
It should never be done in wet weather ; in fact, no cultivation should ever 
be done when the land is wet. 

The object of the deep tillage of the banks between the cane rows is 
both to give the cane plants a dressing of fresh earth and also to loosen the 
soil of the banks, so as to allow the roots to penetrate into it. If the tender 
rootlet of a cane plant meets a hard bank, it gets turned back. As cane is 
a surface feeder, properly tilled banks between the rows are essential ; badly 
tilled banks mean stunted canes. 

Stripping or Trashing Cane. — In the rains when the cane is about six feet 
high and growing freely, the dead leaves may be stripped frotn the cane 
and spread upon both banks. This may be done at least once before the 
final stripping, care being taken not to take' anything off but dry leaves. 

Final Stripping before Cutting. — About a fortnight before tbe cane is 
cut, the final stripping takes place. All the dry leaves are taken off and 
also several of the half green and green leaves near the top, so as to get as 
great a length of ripe cane as possible. Probably the best time for com- 
mencing this operation is in December, the ripest fields being stripped first, 
and so on, so as to have a constant supply of ripe stripped cane for the 
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lactory. In countries where cane is scientifically cultivated, stripping is 
usually done in wet weather. Every cane should leave the soil, free from 
bottom trash. There can be no hard and fast rule about stripping, and 
planters must be generally guided by the rainfall 

If the growth of the cabbage of a cane be checked in any way by 
injury, the eyes at once spring. Canes with sprung eyes are fatal to sugar- 
making owing to the amount of glucose which they contain, and which 
destroys a large amount of sucrose or cry statlizable sugar in the process of 
manufacture. 

Cutting Cane , — It is important that cane should be cut level with or 
slightly below the ground. This secures that the full length of the cane 
goes to the mill and, still more important, that the shoots from the stools for 
a ratoon crop will grow out of the ground, and not from the eye or eyes 
above ground as would be the case if any eyes were left above ground 
level 

The cane bill or cutlass used for cane cutting should be well sharpened, 
for otherwise the cane cutting will not be cleanly done, and unsatisfactory 
results will follow. A well sharpened ‘Kodall will perhaps in Behar be 
found the most satisfactory implement with which to cut the cane. 

When tops are wanted for replanting purposes, the cabbage of the cane 
should be cut off about six inches above the first joint and the top cut off 
about the third or fourth joint down. The trash should all be placed on one 
bank and the rows left exposed to view to show that there is no cane left 
uncut in the field. 

Drainage , — In order that surface water may run off' as quickly as 
possible, a system of drainage should be arranged, so as to guard against 
inundation from heavy rainfall A field water-logged for several days will 
never yield well A drain should be dug round every field and, in lowlands, 
cross drains at right angles to the cane row. 

Manure . — The object of every sugar-planter should surely be to obtain 
the maximum weight of sugarcane from the acreage under cultivation. The 
reasons for this are obvious; firstly, on a small area greater supervision can 
be exercised than on a larger area; again with the small area, more land 
is at the disposal of the planter, so that he can change and enrich his cane 
fields by the planting of rotation crops, such as indigo and other crops of 
the same order ; and perhaps most important of all, the small area admits of 
a more liberal application of manure than could be given to the larger 
area. If the industry is to continue, sugarcane must be manured, and the 
question arises, what is the best and most economical source from which the 
manure is to be obtained, to bring about good results which will continue ? 
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Oil cakes of various sorts have been used with success, but I am not 
sure that the supply will be equal to the demand, and the price may be out 
of all proportion to the manurial value. Readers of this Journal would do 
well to study carefully the excellent article on the subject of cane manuring 
by Dr. J. W. Leather, ph.D., F.i.a, in VoL 1, Part 1. It is, of course, neces- 
sary to give careful cultivation in order to get the best results from the use 
of manure. 

Cattle pens should be worked upon a system, so as to give the best results 
in both quantity and quality of manure. The following method is followed 
in the West India Islands by planters of long experience. The cattle 
pen, preferably covered over by a roof, is divided into two parts. The 
cattle are driven in every night and fed in the pen, a fresh bed of dried cane 
leaves and earth or any other convenient form of bedding being spread daily. 
The pen should be just large enough to contain the cattle without inconvenience. 
Care should betaken that no troublesome weeds or grasses are mixed with the 
bedding. In most sugar countries the cattle are fed on chopped cane tops 
moistened with molasses and water. The cattle troughs should be capable of 
being raised as the level of the manure in the pen rises. The pen, although 
divided into two, may be used as one pen until the time arrives for the 
manure to be taken out. When that operation is in progress, the half of the 
pen in which the men are working must be shut off from the other half. 
The railing round the pen should be strong and 7 to 8 feet high above ground 
level, so as to allow for the height of the manure. Professor Harrison, 
Government Analyst and Professor of Chemistry, and Mr. George S. 
Jenman, Government Botanist, British Guiana, speaking of pen manures, 
say: ‘‘We are of opinion that the field pen is a mistake, as the small 
quantities of manurial ingredients contained in the litter and fodder of 
the cattle are largely lost by drainage, the patches of land immediately 
under and in the neighbourhood of the pen alone gaining. The pen manure 
should be made under cover, and as little litter used as possible, the amount 
of earth added being only sufficient to absorb the moisture of the urine and 
feces so as to give the animals a dry footing.'" The manure thus obtained 
would be richer, although not so bulky as long stable manure. It can be 
more cheaply applied, and will be more effective. Manure should always be 
applied to the cane rows and not to the whole area of the land in which the 
cane is planted, in which latter case the benefit of the manure partly goes 
to the weeds. 

In British Guiana nothing but chemical manures are employed. The 
trash and cabbage ends of the cane are buried in the banks, when they are 
tilled, thus loosening the soil and allowing the roots to penetrate. It is 
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useless waste of money to use chemical manures on cane fields which are not 
thoroughly established as to cane row, well tilled, and free from weeds. The 
chemical manures are applied to the root of the cane, put into small holes 
dug for the purpose, and covered over immediately after application. The 
manures are applied when the young cane is from 2 to 3 feet high. It is 
important that cane should have an active growth in the earlier months of its 
career, and that such active growth should terminate in time for them to ripen 
befoie the reaping season. Young canes take up nitrogen very rapidly. 
Chemical manures should always be applied in moist (not wet) land and never 
during actual rain. A very small amount of nitrogen may be applied with 
advantage shortly after the cane germinates. It is best to apply the larger 
portion at and after the beginning of the most active period of the cane 
growth. 

In the soils of Behar there is a great deficiency of organic matter. 
This might be rectified to a large extent by following the practice of the 
West Indian Islands in growing and digging in other crops between the cane 
rows, preferably crops of the leguminous order. There are many such crops, 
and the most suitable can easily be fixed upon after a little enquiry and trouble. 
These crops are planted between the cane rows, and are dug into the banks 
when bank tillage is in operation. 

Pitting of Tops . — In December or January when cane cutting is going 
on, it may not always be convenient or possible to plant out the tops. These 
tops may be kept in pits for a couple of months if necessary. It is wise to 
sprinkle some disinfectant over the tops in the pits to guard against attacks 
of white ants or other pests. 

Ratoons . — Where there is a good spring from the roots of the planted 
crop after cutting, it will be found economical to cari’y on the cane field for 
another year, that is, to reap a crop of first ratoons from the same field. 
When the spring is very irregular, it is useless to carry it on. To a very 
great extent a poor irregular spring from the plant cane is the direct result 
of bad cane cutting ; the cane has not been cut flush with the ground, or 
has been cut with a blunt implement. Another important point is to see 
that the crop is free from disease, if red rot is prevalent, a ratoon crop 
will not succeed. Again, some varieties of cane are more suited for ratoons 
than others. Assuming that it is decided to carry on the crop of first 
ratoons, the treatment should be as follows. If the trash is to be burned 
on the field, this should be done on the same day that the plant crop is cut, 
for otherwise the young shoots, which come to the surface immediately after 
the previous crop is cut, will be burnt and checked in growth. The cane rows 
should be forked over in order to loosen the crust about the stools, and some 
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WEATHEE CHAETS AND EEPOETS, AND THEIE 
UTILITY TO THE INDIAN AGEICULTUEIST. 


By W. L. DALLAS, 


Before describing the weather charts and reports issued by the 
Meteorological Department, or attempting to show how they can be utilised 
to aid us in forming a conjecture as to approaching weather, it is advisable 
to explain briefly the character and nature of the observations which are 
recorded at the Government Observatories. The principal observations 
registered at these stations are those of atmospheric or barometric pressure ; 
temperature ; humidity ; wind ; rain ; weather ; and sea disturbance. These 
observations are recorded at the same hour (S a.m, local time), at all the 
diflerent stations, and all the observations are corrected so as to be strictly 
comparable one with another. 

BarometTie pressure is measured by the barometer, and the readings 
recorded at the different stations are coiTCCted (1) for the individual 
error of the instrument itself ; (2) for temperature ; and (3) for sea-level. 
Thus before the readings of the barometer appear in the report, they 
have been corrected according to the previously ascertained error of the 
particular barometer. They have likewise been reduced to a temperature 
of 32°F. The column of mercury in the barometer tube, like most other 
bodies, is lengthened by heat and shortened by cold, so that unless two 
or more barometers be precisely at the same temperature, they cannot 
possibly read alike; their readings have consequently to be corrected to 
a common temperature, which for convenience sake has been taken as 
32'' F*. Further, as the barometer simply measures the weight of air lying 
over it, increase of elevation necessarily implies a diminished pressure, so 
that two perfectly similar barometers, one in the top floor and the other on 
the ground floor of a building, will record readings, the differences of which 
will be proportional to their difference of height. It follows that as the 
barometers placed at the various stations in India are at all sorts of different 
elevations, in order to compare their readings it is necessary to 
make a correction to bring them all to the same elevation ; and for 
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convenience sake the level of the sea has been adopted as this common 
elevation. 

Temperature , — The maximum temperature and the minimum temperature 
are registered by specially constructed thermometers which are read daily at 
8 A.M, To obtain the mean temperature, the average of the maximum and 
minimum readings, as given in the Daily Weather Report, is taken and 
adopted as the mean temperature of the preceding day. 

Humidity , — The amount of moisture contained in the air at any place is 
determined from the readings of a thermometer with its bulb encased in 
damp muslin as compared with the simultaneous reading of a dry thermom- 
eter, i,e,, a precisely similar thermometer the bulb of which is not so 
encased. It is unnecessary to enter into the theory of this difference, it 
being sutBcient to say that the smaller the difference between the readings 
of these two thermometers, the greater is the relative amount of moisture in 
the air, and on this hygrometrical condition of the air our weather very 
largely depends. 

jRain is measured by means of a raingauge, which shows the depth of 
water which would have accumulated on a level space of ground, had none 
of the rain escaped by drainage, evaporation and the like. 

Wind, — The wind observations exhibit the direction whence the wind 
blows and its velocity in miles per hour as measured by an anemometer. 

Weather. — The various observations which are comprehended under this 
general term are those which cannot be recorded instrumentally such for 
example, as thunder, hail, dew and the like. 

Sea Disturhance , — The remarks under this head show for the coast 
stations the state of the sea, i,e,^ smooth, rough, tremendous, etc. These 
observations are useful as indications of disturbed cyclonic weather at some 
distance from the coast. 

The Indian Daily Weather Report in which the observations are 
published is issued from the head office at Simla. The first page consists 
of a summary of the observations recorded at meteorological stations at 
8 A.M, on any particular day, and gives data for the preceding 24 
hours. The second and third pages give in tabular form a mass of statistics 
of the actual observations recorded at each station. The following is a 
specimen, giving a few representative stations, showing the amount of 
tabular information contained in the report. 



Pressure. Wind. i Temperature. Humidity. 1 Rainfall. 
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Tii6 report covers the whole siirhice of the indieji continent, ob-seivU” 
tions being received daily from Baluchistan in the West to Burma in the 
East, and from Kashmir in the North to Ceylon in the South. The tabular 
matter shows the corrected barometric pressure and its change from the 
y ; the wind direction at 8 a.m. and its mean hourly velocity 
■eeeding 24 hours ; the temperature at 8 a.m. ; the highest, 
of the preceding 24 hours, and its change 
and its change ; cloud at 8 a m. ; 
24 hours and of the season ; and finally some 
The report of which the above is 
somewhat repellant in form, as it appears as a 
more important data of the report are 
in the charts which appear on the last page, and from which, 
significance has been fully appreciated, the principal 
read at a glance. On the larger chart 


previous day 
for the pr 

mean, and lowest temperatures 
since the previous day ; humidity at 8 A.M. 
the rainfall of the previous 
remarks as to weather and sea, 
an abridged example is 
mass of figures, but all the 
summarised 
when their proper 
features of the weather can be 
a series of black lines are shown which are known as isobars. An isobar 
or isobaric line is a line passing through those places where the barometric 
pressure (duly corrected as mentioned above) is equal, and in the case 
of the Indian Daily Weather Report they are almost invariably drawn 
for values of half-a-tenth of an inch. Thus we find on our illustrative 
chart isobars of the value of 29-40, 29-45, &c., &c. These isobars are 
drawn on all weather charts, and their distribution or course^ hes at the 
very foundation of ail that we know about the weather. It will already 
have been seen from the tabular matter of the report that barometric pressure 
is far from being equal over the whole of the Indian region. It is greater 
in some places than in others, and if we proceed to plot the various values 
close to the different stations and to draw the isobars, we shall find that the 
values of these lines decrease from one region to another, and that several 
of these lines form closed curves around certain spots where the barometri- 
cal readings are either lower or higher than they are over the neighbouring 
districts. The districts of low pressure are known as ‘ depressions ’ or ‘ areas 
of low pressure ’ and the opposite conditions as ‘areas of high pressure.’ 
These areas, and the trend of the isobars generally, have an important 
influence on the wind’s direction, and as it is on the wind’s direction that 
most of our changes depend, they have consequently an important indirect 
influence on the weather. If any of my readers will imagine himself 
standing at any station or place on the chart with Ms face turned in the 
direction of the dominant area of low pressure, he will see that the 
wind he will experience shown on the charts by black arrows flying with 
the wind will be blowing from some point on his left-hand side, and the 
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closer the isobars lie together the stronger will be the accompanying wind, 
presuming always that the place of observation be properly exposed. 

The consideration of the effect of the distribution of barometric pressure 
and accompanying winds leads naturally to the comparison of the two 
classes of atmospheric systems— ‘ high ^ and ‘ low —and the weather which 
accompanies them. High pressure systems are marked by (1) a very slow 
circulation of the air or light winds ; (2) a low temperature in winter and 
a high temperature in the hot weather ; (3) great dryness of the air ; and 
(4) absence of rain. These conditions are explained on the supposi- 
tion that the air in the case of a ‘ high ’ system flows out from the centre 
and is supplied by a descending current, which cannot contain much mois- 
ture owing to the very low temperature of the very elevated regions whence 
it is drawn. Systems of high pressure hence bring with them light winds, 
hot or cold weather according to the season, low humidities and dry 
weather. ‘ Low ’ systems on the other hand are associated with the opposite 
of the above conditions. More or less strong winds according to the 
intensity of the system surround the Mow’ area, and the surrounding 
winds flow in towards the centre where they ascend. Systems of low 
pressure or depressions consequently bring with them an ascending current, 
more or less cloud and more or less rain according as they draw into their 
circulations winds from a moist sea area. Another important distinction 
between high and low pressure areas is that the former are usually nearly 
stationary while the latter move. 

Having thus described the fundamental data on which our knowledge 
of the weather depends, let us consider the particular chart which has been 
selected to illustrate this article and see how far the actual observation^ 
of a pai'ticular day fit in with the theorems stated above. Wednesday, 
the 20th June 1906, exhibited very satisfactorily the conditions which are 
typical of a slight storm during the rains. This storm had appeared off the 
North Madras coast on the 18th, had advanced slowly to the neighbourhood 
of Raipur on the 19th, and was central near Seoni on the 20th. The 
circulation of the wind (shown by the arrows) around the depression was 
well marked. The winds were westerly over the Peninsula, south-westerly 
over the Bay of Bengal, southerly to south-easterly and easterly over Bengal 
and the Gangetic Plain, and north-easterly to north-westerly over the 
Nowgong, Saugor, Jubbulpore, Indore and Khandwa districts. This circula- 
tion is characteristic of all storms and must be most carefully borne in mind, 
for on the direction from which the wind comes depends very largely the 
weather experienced, while direction of the wind at a given place depends on 
its position with regard to the dominant pressure system. Black circles with 
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figures enclosed show the area over which rain has fallen. Rainfall is an 
indication of an ascending current, and the amount of the ascensional move- 
ment is greatest near the centre of the storm and diminishes with distance 
from the^centre ; hence the chart shows that while there has been rain over 
the whole area controlled by the storm, the heaviest falls (Chanda 6 inches, 
Nagpur 4 inches, Amraoti 3 inches and Seoni 2 inches) are close to the 
cenke, where the wind from the Arabian Sea was pouring into the storm and 
ascending. There are certain areas where no rain is falling and which hence 
require a*’ word of explanation. The first dry area is the Deccan and the east of 
the Peninsula. The land over the Peninsula slopes fairly steadily from the west 
to the east, the elevation of Poona being 1,840 feet above mean sea-level, of 
Hyderabad 1,690 feet, and of Waltair (Vizagapatam) 226 feet. Thus the natural 
tendency of the air over this area must be to descend, following the contour of 
the land surface, and the storm was too far north for the ascensional move- 
ments due to it'to overcome the effect of gravity. The second dry area is shown 
over North-west India. This area was obviously beyond the influence of the 
storm. The isobars were wide apart, the winds variable, and the whole region 
was beyond any ascensional influence of the storm, and the weather there was 

consequently hot and dry. , , „ , .i 

Below the main chart are two smaller ones. That to the left shows the 
departure of pressure at 8 a.m. on the day of the report from normal. The 
greatest pressure departure— ”250"— is shown near the centre of the depres- 
sion area, and from that point the amount of the departure decreases till over 
North-east India, along the foot of the Punjab Himalayas and over the south- 
east of the Bay of Bengal, there are areas where the pressure on the day in 
question slightly exceeded the normal. This chart practically reproduces in 
another form the barometric information given in the main chart, but it 
displays certain details which are useful for forecasting purposes. A storm 
ordinarily advances along the line of least pressure resistance. Thus the 
storm we are discussing would not ordinarily move to north-east or north 
where the barometer is high and the pressure contours steep, but would 
advance to the westward where the contours are slight and the resistance 
least. The chart on the right shows the departures of mean temperature 
from normal, and on the particular day in question shows the excess of tem- 
perature over the dry area in the north-west. 

When considering what is the practical use to an agriculturist of weather 
charts, giving as they do a representation of conditions of weather already 
passed, it is necessary to acknowledge at once that the utmost they will per- 
mit a careful observer to do is to make an intelligent anticipation of coming 
events, an anticipation which may and indeed must frequently be incorrect, 


334 


AGEICXTLTURAL .IOUENAL of INDIA. 


[I, IV. 



WEATHER CHARTS : DALLAS. 


but which on many occasions will not be without value. The charts can 
only be regarded as a useful aid to the local observer, but they will be found 
most useful to those who study them continuously and carefully and combine 
with them careful and systematic observations of their own meteorological 
instruments and their local weather. As the Daily Weather Report is pub- 
lished at Simla and does not leave that station until nearly 24 hours after the 
houi* to which the observations refer, the Report can in many cases only 
arrive at its destination between 36 and 48 hours after date. In addition, 
however, to the Daily W eather Report, there is issued a telegraphic summary 
of the weather, which for any particular day will arrive at most places in 
Northern India at about the same time as the detailed printed report of the 
day preceding. The weather student has thus two sets of data which ho can 
utilize in order to form a judgment as to the probable changes. The first 
thing to be done is to notice the general conditions of barometric nressuro as 
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prove useful. Ou the afternoon of the 17th he would read in the ddly 
summary of the weather that ‘ a depression had been formed off the 
North Oil-cars and Orissa coasts,’ and he would naturally desire to know 
in what direction the rain-bearing storm would be likely to travel and 
whether it would pass over his district, give ram and enable him to break up 

It has been pointed out in an earlier paragraph that when an observei 
faces a low pressure area, the wind (provided the exposure be good) will 
come from some point on the left hand side. Conversely if the wind blows 
from a point on the left hand the observer will face the dominant low pres- 
sure area Now, at 8 a.m. on the 17th June, the wind at Jubbulpo.^ was 
blowing from west-north-west, so that an observer standing with his left side 
to the wind’s direction would face a low pressure over the Sutna-Allahabad 
districts, and this was the case on the morning in question. At that time the 
wind at Jubbulpore was unconnected with the Bay disturbance. At 8 a.si. 
on the morning of the 18th, however, the wind at Jubbulpore had shifted to 
the northward, so that, though the weather was still fine there, the observer 
mio-ht safely say that his district had come under the influence of the storm 
which lay to the east of him. This view would be subsequently confirmed by 
the daily weather telegraphic summary which would have informed him 
that the storm off the North Madras coast had become deeper and more 
influential, and he would be justified in making all the preparations necessary 
to utilize as much as possible a heavy fall of rain. At 8 a.m. on the 19th, 
the wind at Jubbulpore was north-north-east and the sky was overcast, so that 
the storm obviously lay to the east-south-east of the district and was advanc- 
ing towards that region. On the morning of the 20th, the wind was still 
north-north-east and l-62» of rain had fallen. The observer by standing 
with his left side to the wind faced to east-south-east, so that he would 
know that the storm centre had not yet passed over his district and 
that further rain and probably high winds were to be expected. Another 
fall of rain amounting to -35" was received during the 20th, but by 
the morning of the 21st the wind had shifted to south-south-east, so 
that the observer by turning his left side to the wind would face to 
west-south-west, and he would then know that the area of low pressure or 
storm had passed his district in its passage westward, and that the weather 
would probably clear up or at most be only showery. As a matter of fact 
the daily weather report of the 22nd showed that the weather had cleared 
and that the storm having passed no rain had fallen. 

The above summary of the changes which took place at a particular spot 
during last June will, it is hoped, show that the charts and reports, both 
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telegrapliic and by post, can be made into useful helps to the local observer, 
provided that he studies them regularly and combines with that study careful 
and systematic observations of the local weather and if possible his meteoro- 
logical instruments. The charts themselves being from 24 to 48 hours old 
cannot be of much immediate service, but the weather prevailing over any 
district on a given day or during a given period is affected by, and may be 
described as the result of, conditions prevailing in the surrounding districts ; 
consequently by observing what those conditions have been in the immediate 
past, we are in many cases enabled to form some opinion as to whether the 
weather we are experiencing is likely to be comparatively permanent or tran* 
sient in its character, and if transient in what direction the change is 
likely to take place. In some years the weather is almost permanently 
dry and the storms which arrive in due course give hardly any rain ; in 
others the weather is constantly wet and every disturbance which comes 
in gives a widespread downpour ; in some years the storms are numerous, 
following each other quickly at only a few days^ interval ; in others they are 
of rare occurrence and long periods elapse without any indications of 
cyclonic action. These general characteristics of a year or season must be 
ascertained by carefully studying the daily maps, but having grasped these 
main facts about the weather, it is possible, by carefully watching the 
local wind and the changes of the barometer, combined with the more distant 
changes which are noticed in the telegraphic weather summary, for a local 
observer to make a fair estimate for some days in advance of the probable 
larger changes of weather which are likely to take place over a particular 
stationer district. 






ii: 





THE CATEEPILLAE PEST OF INDIGO IN BEHAE. 


By H. M. LEFROY, m.a., p.e.s., p.z,s„ 

Imperial Entomologist^ AgrimUtiral Research Institute^ Fusa, 

In some years the newly germinated indigo in Behar is swept off by a 
“ caterpillar” pest, familiar to all indigo planters. This pest must not be 
confused with the caterpillar that later in the season swarms upon the cut 
plant and is found in abundance upon indigo steeping in the vats. These 
caterpillars are of distinct species. The former, which is the subject of 
this article, has not been reared from indigo during the rains, nor is it one 
of the many common caterpillars found upon indigo that is being cut. Its 
scientific name is Garadrina exigim. Apart from its significance to the 
indigo planter, this caterpillar is a sporadic pest principally of the irrigated 
vegetable crops of the hot weather ; it is one of many of the leaf-eating 
caterpillars, which though common in the plains is not likely to be easily 
recognised. It is here discussed principally from the jioint of view of the 
indigo planter, and the suggested remedy, if generally adopted, would 
prevent any further losses from this pest. 

Life Histoey. 

Eggs . — The eggs are of the typical noctuid form, spherical, with 
radiating lines ; each is pearly white, similar to a popf>j’‘ seed in shape and 
size. Before hatching, they deepen slightly in colour, the darker colour of 
the developing larva showing through the semi-transparent shell. Eggs are 
laid in clusters, the first eggs on the leaf, side by side, not touching and 
irregularly arranged ; later eggs on the first. Between and over the eggs 
are short whitish hairs, which in quantity are buff coloured. If the egg 
cluster is small and consists only of 10 to 50 eggs on the leaf, it is usually 
not covered but only has hairs between each egg. (PL XXIII, fig. i). 

The number of eggs varies ; there are abundant small clusters of some 
10 to 40 eggs ; whilst larger clusters have forty to over one hundred, and 
the largest some two hundred and more. Eggs are laid on the leaf, the 
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situation depending upon the plant. On maize and large leafed hliinda 
(Eamtomi), the eggs are laid on the lower side of the leaf in large clusters. 
Oil joung indigo the cluster is small, and is laid on the uppermost surface of 
a leaf. On lucerne, the eggs are laid on the uppermost surface of a leaf near 
the top of the shoot, the clusters varying much in size. 

The eggs hatch naturally on the second day, Le., if laid on the night of 
the first, they will hatch during the day or night of the third. Being laid on 
the growing leaf, they are kept moist by the plant ; if laid in cages, or if the 
leaf is plucked and dried, the eggs still hatch normally. The temperature 
prevailing when all the eggs under observation have hatched has been high, 
the typical high temperatures of April in the plains, running up to and over 
106° in the shade : even this temperature, with a very dry hot west wind, 
has not affected eggs on the plant or kept dry in the shade. The eggs, there- 
fore, are not sensitive to a temperature of 106° in the shade with an air 
humidity of less than 30. The hot dry conditions prevailing with a west 
wind in Behar do not affect them, nor does the cooler moist east wind that 
also blows at this time. 

Gaterpillar— The caterpillars on hatching leave the egg cluster and 
gather on the surface of the leaves. On young indigo, they web up the 
small leaves, joining them together with silk. If the indigo leaf is large 
enough, they simply web up a single leaf, joining the opposite edges with 
silk. On lacerne they either web together the leaflets or web up the whole 
top of the shoot. Within this shelter, the larv^ live gregariously, eating 
the epidermis of the leaf and gradually skeletonizing it. For two to three 
days they live thus in shelter, and then commence to separate. The larva is 
no longer gregarious, and moves about and feeds steadily on the leaf. 
With changed habits, it hides under shelter, on the surface of the soil, at the 
base of the plant, between the leaves when not feeding, and comes out to feed. 
As a rule they feed during the morning about 9 to 11 a.m. and then retire to 
shelter. From 4 P.M. again they are very active, moving from plant to plant 
in search of food. They are in this stage very voracious, steadily devouring 
tlie leaves ; a large amount of plant tissue is eaten and the leaves are rapidly 
stripped. They quickly increase to their maximum size and retain their active 
habits till full-grown. 



The young larva is green, the head black. As growth proceeds, the 
colour alters, the white lateral band first appearing, the dorsal lateral surface 
then darkening as a regular band just above the lateral white line. 
(PL XXIII, Fig. 2). A little red pigment develops on the lateral line in 
indigo-feeding caterpillars, and the dark band above may not appear. 
(PL XXIII, Fig. 5). Superficially the indigo-feeding and lucerne-feeding cater^ 
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pillars are muoli unlike, the broad dark band of the latter giving it a very 
distinct appearance. The Hgures do not express this very well, the figure (5) 
giving best the banded appearance of the lucerne-feeding caterpillar. Cater- 
pillars, reared first on indigo and then on lucerne, become dark in most cases. 
The following is a description of a typical half-grown caterpillar on indigo : 
a smooth noctuid form caterpillar, cylindrical, the head and prothorax small : 
there, are five pairs of prolegs ; the colouring is that of the Agrotimc, 
uniform ground colour with stipples, a broad lateral band ; the dorsal area is 
<rreen, with fine white and darker stipples ; the lateral band is, in tiill 
grown specimens, white with more or less red ; the ventral area is green ; 
the spiracles are oval, set on the lateral line, black rimmed, white inside an 
with a white area round. The colouring varies, the red on the lateral line 
being absent from young specimens. There are short dark hairs on each 
segment, and particularly on the head and tail. The full grown caterpillar 
is of very diverse colouring and no adequate description can be diawn up. 
Figures i!-7 in Plate XXIII represent typical caterpillars. Apart from the 
colouring, the caterpillar is the typical smooth larva of the Agrotinm, with 
short hairs, with five pairs of sucker-feet, and without humps or protuberances. 

When wholly full-grown and full-fed, the caterpillar seeks shelter, 
usually on the surface of the soil at the base of the plant, or under a stone, 
or among leaves or other material on the ground. Where necessary a small 
amount of webbing is produced as a covering and a very rough cocoon is 

formed with bits of leaf or other material. „ 

Papa.— After the usual rest, the pupa is formed. The^ chrysalis is of 
the usual noctuid form, with a double spine at the tip of the abdomen. 
(Fig. 9, Ph XXIII). The interesting point about this stage is the duration, 
which varies very largely according to (1) temperature, and (2) atmospheric 
humidity. When the temperature goes down in November, the tnll grown 
caterpillars turn to pupffi, after hiding away in a sheltered place. Any that 
have already turned to pupse remain as piipm so long as the temperature is 
low. This is the ordinary ‘ hibernation,’ the method adopted by the insect of 
protecting itself against cold. As the air warms in February, the conditions 
become favourable for moths to hatch, but the air is now drier and, if a 
west wind blows, may be very dry. Then, though the temperature may be 
high, moths will not hatch until the air is moist, and this is the normal 
method the pupa has of behaving ; with the first moist warm wind they m 
dry conditions hatch out. Actually, hot dry air either prevents the motl. 
hatching or delays it ; pupse kept in quite dry air often fail to hatch at all or 
are delayed, but with the first moist air they hatch out quickly. The period 
of pupation may then be very long (three months) in winter, very short (five 
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days) in normal moist warm weather, or any period between the two when 
the air is hot and dry. The importance of this influence of cold or drought 
upon the length of the pupal stage is discussed in a later paragraph of 
this article. 

Moi/i.— The imago is a small moth, whose appearance is best realised 
from Figures 10 and 11, Plate XXIIi. It hides in shelter by day, coming out 
at dusk to fly in the fields. I have never caught it at light and believe it to 
be a light-shunning species. 

The length of the life-history varies, the most rapid being as follows : — 
Egg, two days y 
Larva, nine „ . . 

Pupa gye f eighteen days or less than three weeks. 

Moth, two ,, J 

This was in the insectary with abundant food. In the field, it appears 
to be somewhat longer, the larva living even as long as a fortnight with 
plentiful food. The period between the time the egg is laid until the moth 
again lays eggs is from 17 to 30 days normally. Whether the broods will 
succeed each other so rapidly throughout the year depends upon circum- 
stances. In the absence of food the moth lives for some time until she can 
lay oggs. It is probable that from November to March the insect normally 
hibernates as a pupa, except in exceptionally moist warm areas of India 
(e.ff. parts of Lower Bengal). 


Damage. 

This insect occurred in great numbers in Surat in April and May, 1904, 
the law® being found in a plot of land, irrigated from a well, on which maize, 
bhinda (Ilibiseus escukntus) and bhimada (Amarantims sp.) were grown 
together. The caterpillars eat all these crops freely. 

In the following year, immense numbers were found destroying the 
lucerne crop of the Pusa experimental farm ; the first sign of the pest was 
the great numbers of caterpillars found eating the crop ; active measures had 
to be taken at once, as it was already too late to check all destruction. 
Twenty seers of caterpillars were actually destroyed, a seer containing 
12,000 caterpillars. It was estimated that this was rather more than half the 
actual number which may be put at 400,000. Allowing each moth a 
production on the average of 200 eggs, this requires only 2,000 female moths, 
or 4,000 moths in all as parents ; the previous generation (in March) would, 
therefore, require only sixteen female moths as parents, or 32 in all, to survive 
the winter. Assuming then that 32 moths emerged from hibernation, found 
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mates and laid eggs in March, the April outbreak is 
not suggest that only this number actually survived 
the minimum necessary. 

After this, the third brood of caterpillars was 
enormous percentage of caterpillars were paras 
srcentage was could not 
ted over half had Tacliinid eggs 
y Ichneumons whose eggs are 
re busy carrying off the caterpillars. 

I'edaceous bug Canthecotia furcellata 
i of caterpillars. The field was a scene of insect 
survived cannot be even estimated. After this attack 

plants including 


not definitely found. An 
sd in the large second 
seertained ; 
In addition 
laid inside ; and digger 
Carabid beetles 
: finally mynas 


many were uestroyeci oj 
wasps (Ammophila) wer 
ate others as did the pi 
feasted on the hordes 
carnage. How many si 

stray broods were found during the rains on various 
Amaranthus and various weeds, besides lucerne. 

None of these broods were large and definite, but the insect was 
scattered, a normal member of the fauna, behaving us do other such moths 
with irregular broods until November and then hibernating during the 

abundant it would not 
iguminous weeds) occur 


cold weather ; unless the insect had been ver] 
probably be found on crops, as wild foodplants ( 
abundantly in the rains. 

In 1906, precisely the same phenomenc 
Farm ; in this case the first brood was founi 
so that the second brood was largely checked. Th 
of caterpillars were first found on the 15th March 
of eggs' was destroyed on April I8th and 19th. T1 
much the same ; the early moths emerged, laid eg 
brood (March 15tb). They transformed, laid eggs ana 
brood was found. On April 18th and 19th a large yu; 
collected on the lucerne. They were estimated by we 
2,414 clusters. Two days later, a small fresh batch w 
found that in spite of the great number removed, thi 
with eggs and caterpillars to a considerable extent. The f 
cut right over and the caterpillars starved. Starvation 
effect, the larger ones pupating, the smaller ones waitiii 
water was applied and the plant started growing again, 
irregular broods during May and June, but the parasites 
and the percentage of parasitised caterpillars eventually 
one, rising to 50 and in some batches to nearly 90 per cei 

In three successive years we have the same p)henon 
occurrence of the pest in April in large numbers— and th 
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fieqiiently. . The curious behaviour of the insect merits a word 
. e must remember that in each attack the maize and the 
m the only available crop, and that only in a small area, 
n Pusa is about three acres, is irrigated and offers a fine 
st gieen plant at a time when no other crop of the kind is 
3ordingly all the moths gather there, and give a quick and 
ood which gives us an enormous second brood. In the rains, 
Id be scattered over the country side and not be noticed. The 
therefore, perfectly natural, illustrating how our artificial 
•wing crops upset natural conditions. 

:ence of this pest on lucerne is not the 
he occurrence of the pest on indi, 
r ” which attacks 


important fact but 
go. It is now known that 
young indigo is this insect. I have had 
but one season to study this pest on indisfo, but my previous experience of 
it has enabled the life history to be carefully worked out, and little observa- 
tion was required to note the peculiar points of its attack on indigo. Indigo 
is sown in March and April and comes up quickly. At the same time the 
moths emerge from hibernation and lay eggs on the young indigo. They 
lay small clusters, fairly well scattered. The caterpillars batch, web up 
the leaves and give rise to the cobweb appearance noticed by planters. In 
a day or two they move out and feed more widely. A single egg cluster 
means much damage in one spot ; a half-grown caterpillar requires some 
twenty “ two-leaf indigo plants a day ; it will entirely destroy a larger 
plant daily. A single cluster of 40 eggs causes havoc in the area round 
about, say for perhaps ten yards radius ; ten such clusters may result in 
the destruction of a large area. This is actually what occurred at Hursing- 
pur in 1906. Caterpillar was not plentiful as it was on the lucerne at 
Pusa (Le,, some 100,000 per acre) but was well scattered ; yet this was 
sufficient to destroy a large acreage of young indigo. A moving half- 
grown caterpillar bites the epidermis of the upper surface of each of the 
two first leaves and then moves on. That plant, under certain circumstances, 
dies. The destruction is thus very widespread, if there is a fair number 
of such moving caterpillars in a field. Supposing the caterpillars destroy 
the field, what can they do ? They do what they did in 1906 when the 
lucerne was cut, wander out of the field seeking for food. If they then 
enter a field not attacked they will play havoc with it. This is, I believe, 
what occurs in a normal caterpillar year in indigo districts. 

There are some other points, which must be specially noticed. Why 
are some fields attacked and not others ? The better form of the 
question is why do the moths lay eggs in some fields ? It is difficult to say 
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her choice between two fields ; perhaps she comes 
is finer or better growing. No one can 
but if we realise that the choice rests with the moth 
question probably of a “ seeted ” or “ nnseeted ” field, 
is immaterial. What has the east or west wind 
the east or west wind is always an important 
I moist moderately warm wind blowing up from 
, a dry parching wind, where the temperature 
in the shade and the percentage humidity in the 
I. In the east wind, moths hatcl) out ; the two big egg- 
lucerne at Pusa coincided with an east wind ; in the 
moist east wind brings the moths out ; 
at the same temperature, tlie moths either fail to hatch 
east wind is favourable to moths batching, 
Therefore, if there are on the 1st A.pril 
and an east wind blows on the 3rd to 7th, 
about the fith ; caterpillars then appear on 

an east wind, 
the planter sees cobweb 
the east wdnd brought caterpillar. There is another 
would commend to the notice of planters. In 
111 - withers far more quickly than 
his field looks green and he 
Next dajr a 


what guides a moth in 
to one first, perhaps the plant 
answer this question 
and that it is not a 
we can see that the point i 
to do with it ? To planters 
factor. The east wind is a 
Bengal ; the West wind is 
rises up to and over 106' 
air is from 10 to 30 
laying nights on 1 
insectary, a moist atmosphere or a 
in a dry atmosphere 
or hatch late. The prevalence of 
the west wind unfavourable: 
numbers of caterpillars pupating, 
the moths come out and lay eggs 

the 10th. If the west wind blows till the 10th, and then 
moths hatch out on the 11th and the eggs are laid 
on the 14th and says 
effect of west wind which I 
a dry west wind, a plant bitten by caterpill 
in an east wind ; a planter has caterpillar, but 
does not see it because the moist east wind preserves his plant, 
west wind blows, with the result that on the following day all the plant 
nibbled by caterpillar is dead. That planter may say the west wind killed his 

plant and not caterpillar or he may think back to the east wind, which he 

says brought it. 1 have had a variety of opinions expressed to me, but all 
can be reconciled with these two facts — (1) an east wind assi.^ts moths to 
hatch and to lay eggs ; (2) a west wind kills plants bitten by caterpillar. 

It may be remembered that a west wind does not injure caterpillar 
provided there is green food obtainable, bimilailj a west wind dots not 
affect the eggs. Caterpillar can be readily reared in the driest hottest wind 
if it has moist food. When, however, a young field is sti nggling againsi 
caterpillar in an east wind, and a west wind blows and dries up th( plant 
the caterpillar will die also. A re-sowing then may be successful. A curiou. 
fact told to me by planters of experience is that if a plant recovers, it is no 
again attacked ; but if a field dies and is re-sown, it is likely to be re-attacked 
My knowledge of the intimacies of the life of the caterpillar and what i 
more important, the moth, is not deep enough to solve this problem wither 
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a certain amount of theory, but there is probably some difference in the 
composition of the leaves of the later plants. For the indigo planter, the 
salient facts are that if the emergence of the moth in any quantity coincides 
with the germination of his indigo, he is likely to get the eggs laid on the 
plant and so get a ‘‘ caterpillar year.’’ If an east wind brings out the 
moths at the right moment, the crop will suffer. Should the west wind be 
blowing and the moth delay till the indigo is well up, or should there be 
few or no moths, then the young crop is likely to escape. If it were possible 
to sow indigo earlier and get the plant established before the moth could 
hatch, the crop would probably , withstand caterpillar and suffer Jess. This 
point is curiously illustrated by the following quotation from a letter from 
Mr. Murray. “ It may help your investigation to know that 30 years or so 
ago, this concern used to have a caterpillar plague almost every year. We 
noticed, however, that the ‘ jatchings, ’ that is,' the sowings where the drills 
were tested, (the testing generally beginning about the middle of February,) 
were hardly ever affected by the caterpillar. We then decided to sow 
earlier in the concern, to begin sowing about the 23rd to 25th February 
instead of 7th March, and we found that these early sowings almost in- 
variably escaped or only had the plague to a small degree. We did not 
find this early sowing to be an actual specific ; but most undoubtedly the 
early sown plant was to a very great extent immune. Of course the 
caterpillars do harm, even if the plant recovers from their attack. Its 
growth is checked for at least three weeks, and no one can assert that this 
is a benefit. ” 

I believe planters generally will corroborate the statement that cater- 
pillar is really destructive in quite young indigo only, and that it does far 
less harm when once the indigo is well established. At the present time 
of sowing, the young plant is at the critical time when moth emerges and 
lays eggs, and it is just the coincidence that brings about the severity of 
the attacks, 

Kemedies, 

So far as our present knowledge goes, this pest is important (1) as the 
caterpillar that attacks young indigo ; (2) as an occasional pest of irrigated 
crops in April and May. 

Indigo planters regard ‘‘ caterpillar ” on their young crop with very 
varying degrees of importance. Many appear to regard it as a serious 
pest, others believe it is less destructive than the west wind. I attribute 
the destruction of young indigo to ‘‘caterpillar” and so long as the Sumat- 
rana indigo plant (as opposed to Java-Natal) is sown as at present, the 




experience of two seasons at Pnsa, there will be first a small, then a large 
brood of caterpillar on the lucerne. The indigo will not be attacked at 
allf The lucerne can be cut in rotation as is done at Pusa, and the fodder 




caterpillar will be a more or less serious pest, occuiiiiig iiiegolarly. 

The fact that it only comes at irregular intervals must be remembered, and 
there is no means of knowing that it will come till it actually is found 
on the plant. There are three lines of treatment t— 

(a). To sow Java-Natal indigo in place of Sumatrana. Planters who 
substitute Java-Natal will not suffer from caterpillar, both from the different 
time of sowing and the apparent immunity of this plant to the insect. 
Java sown at the same time as Sumatrana was not attacked lu^ 1906. How 
far this preventive is available is not a matter that can be discussed here, 
but it is a point in favour of the substitution- of Java-Natal tor Sumatrana 
indigo. 

Q>). A significant fact is that in 1905, though there was a considerable 
acreage of Sumatrana indigo in the Pusa farm, no caterpillar was found upon 
it, but only on the lucerne. In 1906 though caterpillar was abundant at 
many estates, it was in Pusa abundant again in lucerne and was not 
destructive on fields of indigo at Dhuli close by, and only slightly so at 
Birowli. In both years the lucerne was attacked in preference to indigo. It 
would then appear that we have a fairly simple preventive, namely to grow 

a small area of lucerne under irrigation, as a trap crop for the pest. How 

far this is possible I cannot say, but it would seem to he a method worth 
the careful attention of indigo planters. In the Pusa experimental farm, 
three acres of lucerne have been sown each year in October,^ which a^e 
periodically irrigated and cut to supply fodder for the cattle. The crop is 
a very valuable one for this purpose. On an indigo estate, an acie ot 
lucerne at each outwork and at the factory would probably be sufficient. I 
would surround the plot of kcenie with a trench six to eight inches deep, 
with sloping sides of loose soil as in the accompanying diagram. On the 
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will be valuable. I would not destroy the caterpillars. Picking off the 
egg clusters is advisable, which can be readily done by a very few boys ; all 
will not be found, but the second brood of caterpillars will probably be 
destroyed by parasites and other enemies, whose increase will be beneficial 
to the checking of other pests on the later crops. That is, I would pick * off 
egg clusters if possible ; I would let the rest of the caterpillars eat the 
lucerne, isolating them in it by means of the trench, and using them to 
breed the abundant parasite, &c., which will be of such value later on in the 
season. Any other measures to destroy the caterpillar on lucerne must 
either unfit the crop for use as, fodder or entail more expense than the crop 
is worth. At the same time the data given below as to the means adopted 
for checking the pest on lucerne will enable any planter to decide for 


ihe value or the lucerne is primarily to draw the caterpillar off the 
indigo, secondarily to provide fodder. It is not necessary that the lucerne 
should be sown in October and irrigated till March. If at least four-fifths 
of the field always has a good growth of lucerne from March 10th to April 
20th, the desired object will be effected. Sowing lucerne in October with no 
subsequent irrigation will produce a crop, which cannot, however, be 
periodically cut. Where irrigation is available, say in March and April, its 
cost will be more than met by the fodder which can be cut in rotation, always 
leaving four-fifths of the field in green lucerne to act as a trap to moth. 

(c) It is unlikely that the sowing of lucerne as a trap crop will be 
adopted generally, and it is probable that there will be outbreaks of caterpillar 
on young indigo on estates that have taken no precautions. It seems worth 
while to discuss what can be done in such cases. Rolling the plants or 
running a hanger over the field is useless ; the caterpillar will escape in the 
crevices not reached by the roller or hanger. Spraying the young plants is 
feasible and should be a most simple operation. A cart on which is placed a 
barrel and pump attached to a long iron tube arranged across the back of the 
cart just above the ground, with nozzles fixed at intervals on the tube will, 
acting like the ordinary road watering cart, spray a very large area. The 
width of the iron tube with nozzles should be as wide as possible. The cart 
simply goes up and down the field as rapidly as possible, a coolie in the cart 
working the pump. The initial expense of such an outfit would not exceed 
Rs. 100 at the most., and the cost of spraying material would be under 
Re. 1 per acre. The cost of labour cannot be estimated till the daily acreage 
(3 one is known. Such a machine used in Australia in spraying wheat 
covei’S 15 acres an hour and has a width of 50 ft.; the sections of piping 
that project on each side of the cart are removable and are put on only 
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when the cart is in the field. With such an arrangement 100 acres daily 
should be covered, more if the matter is urgent ; and by taking the worst 
fields in order, any ordinary outbreak should be checked. I do not advocate 
such an arrangement, but describe it because it is feasible and may appeal to 
indigo planters. If such spraying was the only remedy I would advocate 

it.* 

The pest must also be considered as an occasional pest to other crops. 
In 1905, when the lucerne was being destroyed by it, coolies were employed 
to run large bags over the fields, sweeping up the caterpillar. ^ Illustrations 
of these bags are given in “ Indian Insect Pests ” (pages 72-7o). The bags 
were used between 9 and 11 a.m. and between 4 and 6 p.m. In four days’ 
work, twenty seers, estimated to contain 250,000 caterpillars, were destroyed, 
and the bulk of the damage averted. Bags cost about Rs. 3 each, and tor 
five acres of lucerne, six coolies were employed for four days. In 1906^ 
the attack was expected ; eggs were accordingly collected, the two days 
work yielding an estimated number of 2,414 clusters. ^ The number of eggs 
ner cluster averages about 100. The work was finished in two days. 


Identification. 

■esent, it is impossible to be certain of the identity of the insect 
n the winged (imago) stage. The fact that the eggs are white, 
id in clusters with a covering of hair, does not do more than point 
3 as those of a noctuid moth. The larva is of the typical form 
the Trifine divisions of the noctuidm. Its colouring distinguishes 
me caterpillars, and it is clearly distinct from most common 


* Details of the machine wiU be supplied oa application, 
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catei-pillars ; but it alone cannot be specifically identiSed. The pupa is 
similar to many others. The combination of all these facts, together with 
the habits of the pupa, is not sufficient even to distinguish the insect as a 
CamdTina. A caterpillar similar to those figured here, hatching from 
similar eggs, on one of the food-plants named, may very likely be Caradrina 
eadgim, if found in March, April, May, under circumstances as described 
above. The indigo planter is probably safe in identifying his “caterpillar ’’ 
with this insect (not the caterpillar of indigo in the rains). Final and 
conclusive identification can be obtained only from the moth and then only 
with extreme care. Those who have some technical knowledge of moths 
may see the characters of the genus defined by Hampson “ Moths, Fauna 
of India, Vol II.” For others, the figures on plate XXIII are the only 
useful means of identification, short of the simplest which is to send the 
caterpillar, chrysalis or moth for identification, the first two beinu' sent alive. 


The pest has been reared in Pusa, Surat and Kaira, from lucerne 
indigo, Amaranthus Spp., Celsia coromandeliana, Senji (MeUlotus parviflora). 
maize, bhindi {IliUsms eseulentus), and some weeds. The Central Provinces 
entomological assistant (Ratiram Khamparia) reared it from cotton, maize 
and safflower. Mr. Hayman reared it on gram {CkeT anetinum) \n the 
Cawnpore farm. It is recorded in Indian Museum Xotes, Vol. II, p. 10, as 
reared from linseed from Patna. (See under Laphygma), It has been sent 
from Narainganj and Bogra, Eastern Bengal, as a pest of jute, and it 
attacked jute slightly in 1906 at Pusa. 

Hampson gives its distribution generally as Europe, South Africa, 
North and South America, Honolulu and throughout the Oriental region, 
while the Indian Museum has specimens from Karachi, Dehra Dun and 
( Dudgeon collection) Sikkim. 

In Indian Museum Notes will be found the late Mr. de Niceville’s notes 
on “ Indigo Caterpillar,” under the heading Agrotis segetis^ Scb. (Vol. V, 
p. 1.45). Though Mr. de Niceville knew that a Caradrina has been reared 
from the indigo caterpillar formerly sent in, he reared Euxoa (Agrotis) 
^egetu from a caterpillar sent in to him and so put all his notes under that 
heading. The information there given by indigo planters does actually refer 
to Caradrina exigua. 


Enemies, 

Like other pests, Caradrina exigua has enemies, which normally keep 
it in check. These include (1) Parasites ; (2) predators ; (3) birds. 
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be seen to be flying and settling near caterpillars; suddenly it flies up, 
alights on the caterpillar and deposits an egg on it. The egg is semifluid but 
hardens at once to a hard white object, a small white spot (see PI XXIII, 
Fig, 8). This egg is usually laid on the upper part of the body, on the 
second segment behind the head. Possibly this position is chosen as it is not 
possible for the caterpillar to bite off the egg, but occasionally the egg is laid 
on the lust segment. The caterpillar appears to have a vague knowledge of 
its foe and is very irritable, twisting quickly when the fly settles. The fly has 
to be very agile to lay its egg. Caterpillars with these white spots are 
doomed ; they feed and grow, but within them the maggot hatched from the 
egg is feeding and, when presently they turn to chrysalides, trom each 
chrysalis there comes, not the moth, but the fly. 

Other parasites in the form of ichneumons have been reared ; those are 
wasp-like flies, not so common as the Tachinid fly but which equally destroy 
the caterpillars. 

Predators are insects which feed upon caterpillars. Among the more 
important is a wasp {Ammophila Sp.) which stings the caterpillars, thereby 
paralysing it ; it then flies off with it, lays it in a burrow, and deposits on 
it an egg. The egg hatches, the grub feeds on the paralysed caterpillar and 
becomes in due course a wasp. There are also small beetles ( CaTahklm) 
which feed upon the small* caterpillars. A bug {Cantlwcxma fiiH^ellata) is 
also found, which sucks out the caterpillars and thus kills them. 

Mynas are fond of caterpillars and gather in the lucerne fields for a 
meal. They should not be frightened off as they do much good. 


EXFLANATIOH OF PLATE. 

1. Egg cluster on mdigo, 

2. Caterpillar, a week old, fed on lucerne. 

3. „ fed on indigo, x 1^. 

4. „ two s^ments to show colour. Magnilied. 

5. „ full-grown, fed on indigo. 

6. „ full-grown, fed on lucerne. 

7. „ full-grown, fed on lucerne, with egg of Tachinid fly 

8. „ thoracic segments, to show egg of Tachinid fiy. 

9. Pupa. 

10. Moth, mala. 

11. Moth, female. 



THE IMPEOYBMENT OF THE COTTONS OF THE 
BOMBAY PEESIDENCY. 


By F. FLETCHIR, m.a., b.sc, 


Deputy Director of Agriculture^ Bombay Freeidency, 


1. -INTEODUCTION. 

A WORD of preliminary explanation seems necessary with regard to the 
term ‘ improvement ' in relation to cotton. The quality of cotton-fibre in 
contradistinction to the plant depends on the following six factors in the 
fibres which compose it, — 

(a) length j 

(h) stiength, - constituting the ■■ staple ” ; 

(o) fineness, 

{d) uniformity, ■ 

(e) colour, 'I 

(/) cleanness /determining the “ grade.” 

Other less clearly defined qualities are “ bulkiness ” and elasticity. The 
matter is, however, not so simple as it might first appear, for the value of a 
sample of cotton does not vary directly with all the factors above mentioned 
though it does with most of them. Thus if one of the factors of length, 
strength, uniformity and cleanness increases, while the other five factors 
remain the same, it may be said with certainty that the value of the sample 
increases also ; if, however, the fineness increases while the other five factors 
remain constant, the sample does not necessarily increase in value. This is 
due to the fact that different styles o£ cotton are used for different purposes. 
Thus while Sea Island and Egyptian are used for the manufactures of an 
extremely fine and strong material (muslins, laces, mercerized cotton goods, 
sail cloths and the like), and American, Broach and other medium cottons for 
the manufacture of ordinary calicoes, the roughest types of cotton, such as 
Bengals and Khandesh, though used to a certain extent for mixing with finer 
growths, are also largely used for mixing with wool in the nianufacture of 
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worsted goods. Now for the manufacture of calicoes the finer and smoother a 
cotton is the better, while for mixing with wool roughness is required. If then 
we increase the fineness of such growths as Bengals and Khandesh which, as far 
as the purposes to which they are put go, may be considered to be on the 
borderland between cotton and wool, we increase their value as cotton but 
decrease it as wool. The question then arises whether an improvement in 
these growths should be attempted in the direction of fineness or of roughness. 
In the case of the superior growths such as Egyptian, American and Broach, 
there can be no doubt that improvement should be attempted in the direction 
of a longer, stronger and finer fibre. As an example of a coarser and shorter 
cotton that is more valuable than a finer and longer one to which it is in 
other properties similar, the Oomilla variety may be mentioned. This 
cotton may fetch a price as much as 25 per cent, above ordinary Bengals 
and Khandesh owing partly to its being picked cleaner but partly also to 
its being rougher than the latter. As ‘ Kapas ’ (seed cotton) its price 
compared with those mentioned is still greater, owing to the higher percen- 
tage of lint to seed contained in it. 

2. The six qualities that determine the value of cotton to the manufac- 
turer are stated above. Prom the cultivator’s point of view, the value of a 
variety of cotton — the plant in contradistinction to the fibre, depends on : — 

(<j) yield per acre of seed cotton, 

(k) price of seed cotton, 

(i) hardiness of the plant, and 
(/) method of ripening. 

The yield per acre is of the very greatest importance, but for the 
purpose of deciding the question of the superiority of one or other of two 
competing varieties, is indissolubly bound up with the question of the price 
of the produce. The point can be settled only by actual experiment in the 
field. As an example we may quote the fine-stapled Bani ’ of Hinganghat 
which has been largely replaced by the coarser " Jari ’ or ‘ Varadi,’ and 
here it would appear that the producer and consumer (or rather a particular 
class of consumer) may be anxious to proceed in opposite directions. Thus 
the Lancashire spinner would prefer that the finer Bani should be grown 
since he cannot use the coarser Jari, while the cultivator may urge that 
Jari gives him a larger yield per acre and that the price obtained from 
the worsted-manufacturers of Saxony, though not so high per maund as that 
obtained for Bani, is- such as to make the value per acre of Jari greater 
than that of Bani. 

3. The price of seed ootton again depends on (a) the value of the cotton, 
• and (b) the percentage 6f, cotton to seed, It is obvious that the ratio to one 

' ' ' f i- V " 'V; 
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another of the prices which the cultivator receives for equal weights of seed 
cotton of two different growths is not necessarily identical with the ratio 
between the prices of equal weights of the cotton of the two growths. Seed 
cotton of one variety may be even dearer than seed cotton of another variety, 
while the cotton itself of the latter is the higher priced of the two. Thus if 
seed cotton of Bani is worth Rs. 7 and of Varadi Rs. 7^ per Bengal maund, 
the cotton in Bombay may be worth respectively Rs. 235 and 200 per candy. 
These figures are easily reconciled. The percentage of cotton in seed cotton 


Seed cotton (4 maiinds) 28 
-f 

Ginning ... 1 ^produces 

+ 

Freight on cotton ... 1 J 


Cotton (1 maimd) 

■ ■ 

Seed (3 maimds) 


'' Seed cotton (3 maunds) 22^^ 

Varadi Ginning ... 1 Vproduces 

■ ■ +■■ ' ■■ ■■■■ . 

^ Freight on cotton ?... 1 ^ 

Total ... 24| 

The fact that seed cotton of a finer variety does not necessarily fetch a 
higher price than a coarser variety may have an influence prejudicial to the 
cultivation of the finer variety. It should be remarked that pure Bani seed 
cotton fetches a slightly (10 to 20 per cent.) higher price than Varadi and that 
in the above hypothetical case the Bani is assumed to be impure. The fact 
that the price of seed cotton of two varieties is not proportional to that of 
the cotton somewhat complicates the process of cotton breeding, since 
valuations are made in terms of ginned cotton, which have to be translated 
into value per acre of seed cotton - 

4. With regard to the hardiness of the plants little need be said, as 
on an average of* years it is included in the factor of yield per acre. It 
is of course only on an average of years that an opinion as to hardiness can be 
formed ; a new variety that in ordinary years proves much superior to the 


Cotton (1 mauiid) 
Seed (2 maundi$) 


_____ 
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view in attempts to produce a more valuable variety of cotton — that is more 
valuable to the cultivator— -for growth under any particular set oi condi- 
tions as to soil and climatCj we may now consider what are the various oj 
conditions met with in this Presidency, The greater part oi the cotton- 
growing area of this Presidency may be defined as an elevated belt ot country 
varying in width up to about 120 miles, extending from the Madras border 
in the south to the Satpuras in the north (a distance of 500 miles), with 
its western limit running parallel to, and 20 to 50 miles east of, the summit 
of the Western Gh&ts, while to the east it merges imperceptibly into the 
immense cotton-growing tract that embraces Central India, the Central 
Provinces and Berar, Hyderabad and the western portion of Bladras, From 
the region where the Satpuras interrupt at once this belt and the line of the 
Ghats, the former passes over the now depressed summit o£ the latter and 
appears again at sea-level on the plains of Gujarat and Kathiawar surrounding 























COTTON OF THE BOMBAY PRESIDENCY : FLETCHER, 


the Gulf of Cambay, and still further north ou those of the Indus 

Valley. ' ■ • ■ 

8. The part of this belt situated above the Ghats couiprises by far the 
greater portion of its area. The belt between its western limit and the summit 
of the Ghats receives a rainfall varying from as much as 400 inches (nearly) 
in the rugged, jungle-covered, rice-growing western half (known variously 
as the Dangs, Mavals, Dongri, Mallad in various regions) to 30 inches or 
less in the less rugged eastern half, which grows bajri {Pennisetum) or 
jowar {Sorghum). This strip passes gradually eastwards into the cotton- 
growing plain generally known as the ‘^ Desh ’’ with a rainfall between 
20 and 30 inches. In the northern portion of the belt (Khandesh) and its 
below-ghat counterpart (Gujarat), the rice tract is less pronounced, and the 
transition to the cotton tract is more rapid, no distinct jowar-bajri zone 
intervening ; while still further north the rainfall is insufficient to create a 
rice belt at all. 

9. The general appearance of the ‘‘ Desh ” is that of a treeless plain 
(1,500 to 2,000 feet above sea-level), the monotony of which is relieved only 
by infrequent shallow depressions generally well-wooded, in which the upper 
reaches of the Tapti, Godavary, Bhima and Krishna rivers rise and their 
(generally intermittent) tributaries flow, and by bare flat-topped hills 
rising abruptly either singly or in chains to a considerable height above the 
general level. The soil is in general of the black cotton type, but is much 
shallower than in the Surtee-Broach tract, often constituting a covering only 
a few inches thick over the underlying basalt from which it is formed. 
Owing to this fact and the smaller amount of the precipitation, the growing 
season is not long enough to allow the Surtee-Broach type of cotton to mature 
except in the Karnatak tract, where the rainfall, though smaller, is better 
distributed than in the Surtee-Broach tract. 

10. The cotton belt as above outlined can be divided into five distinct 
tracts defined by the character of soil and season and consequently also by 
the types of cotton grown in them, though they naturally grade off into one 
another. These tracts (see map, Plate XXIV) are in the list below placed in 
theoi'der of the quality of cotton produced in them, the best being placed first : — 

Texture Annual 

of soil. rainfall. 

(inches). 

(^) The Surtee-Broach or South Gujarat Tract .i. Black clay 33 — 46 

(B) The Karnatak Tract ... ... ... Black clay 23 — 34 

({/) The Ahmedabad-Kaira or North Gujarat Tract Sandy 28—37 

(B) The Deccan Tract ... ... Black clay 20 — 30 

{E) The Sind Tract ... ... ... Loam 7 
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The conditions of soil and climate in each of the tracts differ from 
those in the others, and the tracts are more or less rigidly defined by the 
combined character of these two factors. Further, since the whole Presidency 
is with regard to temperature well within the cotton zone, the only item 
that need be considered in relation to climate is the rain^al]. The 
effects of temperature are complex, and will not be dealt with in this 
report ; they are important chiefly in India in the northern continental 
portions. 

11. The variety of cotton grown in any one of the tracts above men- 
tioned is special to that tract and is generally the best of existing types that 
can be cultivated in it and, though this type can often be improved, it can 
seldom be supplanted. There are then two taetors, namely, soil and rainfall, 
which in this Presidency define the type of cotton that can be grown in any 
particular tract. These two factors are complementary to each other in so 
far that alight soil under a heavy rainfall is often equivalent to heavier soil 
under a lighter rainfall. 

With regard to rainfall it should always be kept in mind that the best 
cottons of the world, namely, those of Egypt and the United States of America, 
grow under a rainfall (or in Egypt its equivalent in irrigation) of four or five 
inches in each of the eight or nine months which constitute the growing period 
of the varieties raised in those countries. The total annual rainfall is then 
no criterion as to the kind of cotton that can be grown unless, hs hi 
general the case in India, the amount, though varying from 7 to 4(10 inches, 
all falls within the same period — for India June to October. In India, 
therefore, the different cotton-growing tracts are bounded generally by isohyets 
(lines of equal annual rainfall), the quality of cotton varying directly with the 
rainfall up to the upper limit of monthly precipitation under whi<fh tla‘ 
cotton plant can grow at all. For instance tfie isohyet of 45 (that is a 
rainfall of 45 inches per annum) limits the growth in a southern dire<dion 
of Surtee-Broach cotton. If, however, the region to the soutii of the limit 
instead of receiving its larger rainfall in the same period as the region to 
the north, had it spread over a longer period, it would not only grow cottoiu 
but a cotton of a finer variety than the Surtee-Broa<di growth (see para. 51 
below) which is our best indigenous variety. 

12. Corresponding then to the gniduation of fibre, as we pass down 
the above list, we get a diminution in the effective rainfali (or its equivalent 
in irrigation)* By this term is meant the rainfall that can be iiiilize<l by a 
crop owing either to its being so distributed in time as not to run off the 
surface of the soil instead of sinking in, or to the soil being of a retentive 
nature and capable therefore of ^ storing up the heavy short-period rainfali 



COTTON OF THE BOMBAY PBBSIBENGY I PLETCHEK 


(A) Suetee-Broach Tract. 

13. This bract consists of the black cotton soil plain of the Surat an<l 
Broach Districts extending in a north and south direction along the shores of 
the Arabian Sea from the Anibika River (in Surat) to Myagaon (north of 
Broach) — a distance of 100 miles — and in an east and west direction from 
within about six miles of the sea to a distance of 20 miles inland. Up the 
lapti Valley an arm of this tract extends to a point 35 miles from the sea 
and, after being interrupted by the line of the Western Ghats (here very 
low), is continued as far as Nandnrbar, 100 miles from the sea ; in this 
continuation, however, the Deccan variety of cotton is almost exclusively 
grown (see para. 38, Table IX). It is also continued in the form of patches 
across the Gulf of Oambay in the southern parts of the Ahmedabad District 
and in Kathiawar. The general aspect of the country is that of a flat plain 
relieved only by the scattered growth of babul (Aeacia arahica)^ toddy 
palm {Plmnix syhestns) and other trees. It is in no part (except its continua- 
tion up the Tapti) more than 150 feet above sea-level. Westwards the tract 
passes into the six-mile belt, which, owing probably to blown salt, will not 
mature the typical cotton of the tract ; and eastwards into the hills and jungles 
of the Dangs which mark the line of the Western Ghats. Southwards the 
tract is abruptly terminated by the Ambika River, marking the northern 
limit of the Konkan in which the rainfall is too heavy for the growth of 
cotton on a large scale ; and in the north passes gradually into the lighter 
lands of Baroda and Rajpipla States and the northern portion of the Broach 
District. Here commences the immense ^ Goradu ’ (sandy) plain that ex- 
tends over Rajputana into Sind and the Punjab and in which falls the third 
tract (0). 

14. The rainfall in the Surtee-Broach tract varies in amount from 
44*25 inches at Jalalpur (near Xausari) in the south to 33*5 at Jambusar 
in the north, and nearly all falls Within the period between the middle 
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of June and the beginning of October, as shown in the following 

table : — 

Table !• — Bainfall in fhe SurteeSroach Traet, 







Jalaipur, 

Jambusar., 

June 

July 

Aujjust ... 

Septeniber 

October to May 





8*80 

17*71 

9*48 

6*05 

C-26 

'"7-23, 

12*53 
,7*32 , ■ 

4*56 ■■■ 

•2*16 . 




Total 

j 

■■ 44*25 ! 

i. ■ .j 

33-SO 


15. It is noteworthy that the quality of the cotton produced, 
known commercially as Broach, '' improves as we proceed south, 
Nausari near the southern boundary of the tract producing the finest 
staple of the growth. The reason for this requires investigation ; it 
may possibly be the heavier rainfall and greater atmospheric humidity, 
due to proximity to the sea, that prevails at ISiaiisan ; the character of the 
soil, however, though showing little variation in the field, may, it examined 
in the laboratory, prove to have some influence on the superiority* 

16. The tract is thus seen (map, Plate XXIV) to lie between ishoyets of 
33 and 45. The crop is sown in a two-year rotation with jowar (Sorghum) with 
the first rains in the middle of June ; and picking takes place in February- 
March, The cultivators are probably the most careful in India. 

17. In parts of certain talukas in the north of the tract (namely, 
Jambusar and Amod), a coarser variety of the Ilerbaceum species, known 
as Goghari,’ is also sown partly on light soil. This is doubtless fraudulently 
mixed with the finer growth. The survey of the areas producing this 
coarser variety is now in progress, and it is hoped that it will be 
completed in the coming season. The growing of an inferior style of 
cotton in an area suited to and bordering on a finer growth is a matter of 
considerable importance when the improvement of the staple of the tract 
as a whole is taken up. 

18. The area under cotton in the tract in 1903-04 amounted io 
98,888 acres in Surat, and 233,587 acres in Broach (inchidiog 100,868 
acres in Amod and Jambusar), or a total of 332,475 acres* The yield per 
acre varies much, but averages about 350 lbs. of seed cotton. 

B. — ^Tai Kaenatak Tbact. 

19. This tract, together 'with the Deccan tract (D), makes up the 
above-ghit portion of the , cotton-growing area of this Presidency. It 
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Kolhapur and thence to Harihar on the Mysore Border. It is largely con- 
tained within the Dharwar and Bijapnr Districts, but embraces also parts of 
the Kolhapur Agency and the districts of Satara (S. E. Corner) and Belgaiim 
(eastern two-thirds) ; in the Sholapur District it merges with the Deccan 
Tract (D). 

20. In this tract there are two types of soil — in the eastern belt a 
stiff loam of the black cotton-soil type, in a narrow western belt a lightish 
soil of a reddish colour containing scattered bands of black soil ; this light 
soil belt is confined to the southern part of the tract, being situated princi- 
pally in the Dharwar District. The surface of the country is undulating, and 
interspersed here and there with low hills, often rounded and covered with 
scrub forest. These become more frequent as we proceed west from the 
black soil belt across that of red soil, and west of a line between Satara and 
Dharwar pass into the wooded and rugged rice tract (Mallad), which announces 
an approach to the edge of the Ghats, whence a rapid descent of some two 
thousand feet takes us to the coast region (Konkan), where the heavy rainfall 
makes rice the only crop possible. The rainfall in the tract decreases as we 
proceed east from the Mallad. The character of the monsoon differs 
materially in the distribution through the year of the annual precipitation 
from that of the Surtee-Broach Tract (A), as will be obvious from the 
following Table, which should be compared with Table I : — ^ 


Table II . — Rainfall in the Karnatak Tract. 


Madbas 

PRESBY. 


Belgaum. Satara. Bijapur. Sholapur, 


District, 


Stations, 


Months of- 
May 
June 
July 

August ... 
September 
October ... 
November 
to April... 


Total 


Area in thou- 
sands o f 
acres un- 
der cotton 
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two types of cotton known to commerce as " saw-ginneci iJharwar anci 
‘ Kumpta ’ respectively. The former, the “ Vilayati hxitil ” of cultivators, 
is the acclimatized American species, (xonsf/piinn hinnifum, and is the produce 
of seed introduced in 1830. It is ^rown almost exclusively on the red and 
medium and shallow black soil areas of the Dharwar District. It need 
hardly be said that it retains only a smal! semblance to its ancestor since no 
selection of seed has taken place, though in attempts at acclimatizing any 
crop, this fact is of the very first importance. The saw-ginnetl cotton of 
Hubli fetches Rs. 5 to 10 more than that of Gadag, owing probably to the 
better rainiall at the former place. The cotton known commercially as 
Kumpta and to the cultivator as Jowari hutti' (country cotton) is a variety 
of the llerhaeeam. species, that is hardly distinguishable from the Surtee- 
Broacb plant (of which it is probably the direct descendant), except by the 
character of the produce which gives a lower ginning outturn of slightly 
longer fibre, the cotton being very thin on the seed. The outturn at the gin 
is much less than in the case of the acelim«aiized American, and it is this 
factor probably more than any other that has enabled the exotic to compete 
with the indigenous, since the yield of the former in seed cotton is no greater, 
if as great, while the value of the cotton itself is less. 

22. The areas under these two varieties of cotton are not returned 
separately, but it may be stated that as a pure crop the American 
is confined almost entirely to the Dharwar District, and to the Barsi 
Tahika-of Sholapur, though sown mixed with Kumpta in other parts 
of the tract. It probably occupies about 200,000 acres. Kumpta covers 
a very large proportion (about 85 per cent,) of the area given in the 
last line of table II, and occupies about 1,200,000 acres. ■ The areas under 
cotton in the chief cotton-growing talukas of the Dharwar District are given 
below, with a rough estimate of the percentages of the two kinds of cotton 
and of the red and the black variety in the soil that bears them. The 
yield varies very greatly^ but averages about 150 lbs. of seed cotton 
per acre. .'-i , r . 
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Table III. — Acreage under cotton 


Percentage op 


Acreage under 
cotton in 
thousands. 


Cotton 


Black. 


American. Kumpta 


Dbarwar 

Hubli 

Bankapur 

Hangol 

Kod 

Renebennur 

Karajagi 

Kavalgund 

Ron 

Gadag 


23. In the south of the Dharwar tract, sowing of both the varieties 
takes place in August-September, the north-east monsoon being there domin- 
ant. As we proceed north the influence of the north-east monsoon dimin- 
ishes, and in Bijapur, Sholapur and northvvai'ds, sowing generally take.s place 
in June-Jiily, The rotation is either a two-year one with sorghum or a 
three-year one with sorghum and wheat. 

24. The effect of being sown for generations in August-September 
appears to have caused a difference not only in the produce of Knmpta as 
compared with its parent Broach, but also a change in the constitution of the 
plant. Kumpta at Dharwar consequently not only produces seed cotton 
with a lower ginning outturn and a slightly longer fibre than Broach, but 
behaves differently from the latter variety when both are sown together at 
the time (June-July) when Broach is generally sown. For instance on the 
Dharwar Farm in 1904-1905, it was decided to reintroduce Broach into the 
District and see if fresh blood would not increase the ginning outturn 
without causing deterioration in the staple. Accordingly two plots were sown 
with Kumpta and Broach separately at the end of June. Knmpta lost its 
leaves in September and ripened in Noveinber-December, yielding 690 lbs, 
of seetl cotton per acre, of which 20 per cent, was cotton. Broach, on the 
other hand, continued to grow well, and in February-March ju’elded 1,066 
lbs. of seed cotton, of which 32 per cent, was cotton. The Kumpta was 
valued at Bs. 210 per candy (784 lbs.) and the Broach at Rs. 208. 

It would appear from the following table of temperatures that the 
Kumpta variety is accustomed when three months old to be checked by the 
colder weather of November-December (see mean minimum temperatures in the 
table), and when, owing to earlier sowing, it attained this age in September, 
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was forced to earlier maturity by the warmer weather of that period. 
Broach, on the other hand, being accustomed to a still higher temperature, 
continues to grow normally with the result that an extremely good yield was 
obtained. 

Table IV. — Temperatures, 



a 

CB 

1 *<1^^ 

u 

cS 

i 'C 

ci 

IS 

f 

1 ' ® 
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< 
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’■ ' 
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1 

1 , Q 
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Mean maximum 

83 

87 

88 

■ 92 

91 

86 

81 

•83 1 

86 . 85 

82 

SO 

Bo. minimum 

66. 

69 i 

1 

1 72,J 

; . , 74 . 

.74' 

70 

70 

.,70 

"71 :i 71: 

68 , 

, 64 • 
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[. ' .1 

■■■ ■! 
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i 
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Mean maximum 

8T 

91 ',1 

91 

101 

98 

95 J 

90 

88 

90 = 96 

94 , 

90 

Do. minimum 

57 

59 i 

68 

,75 

79 

81 

79 

77 

76 1 72 

65 j 

61 


It is hoped that the introduction of the fresh blood of the original stock 
into the Karnatak will result in much good. This is being done both by intro- 
ducing Broach as a field crop and also by hybridizing the Kumpta with Broach. 

25. The fact that in the Sholapur District, only 2*4 per cent, of the 
unirrigated cropped area is put under cotton, while in Bijapur nearly 20 per 
cent, is under this crop, is due in great part to the lighter nature of the 
soil in the former district, while under the same rainfall the black soil 
of Bijapur cannot except in good seasons mature this crop. The monsoon 
is also more uncertain in the former district, which seldom enjoys a good 
season more than once in four years. This effect of character of soil 
is well shown in Bijapur District itself, the talukas of Barsi and Snngola, 
in which the area under cotton is respectively the largest and the 
smallest in the district, having respectively 5 per cent, and 1 per cent, 
of their unirrigated cropped area under cotton. This great divergence 
is due not so much to rainfall as to the feet that the soil in Barsi 
is of a heavy black type, while in Sangola it is light and stony. Again in the 
Barsi taluka of Sholapur, the rainfall is greater and better distributed in time 
than in other talukas of the district. This is owing to the nearness of the 
Balaghat hills, and the cotton grown in this region is better than that of 
other talukas of Sholapur, Sangola which enjoys a worse rainfall (see 
Table II). 

26. This tract, as was stated above, merges into the Deccan tract in the 
north and east. In those parts, ' therefore, we find a mixture of varieties ; 
for example, in the Barsi talulca of Sholapur and the Indapur taluka of Poona 
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there are grown the three varieties of Knmpta, American and the Deccan 
growth, in some cases as more or less pure crops, in others as a mixture 
containing two or all the kinds, 

27. The names under which the cotton of this tract comes into the 
market are given in Table IX below. Westerns is the produce of the same 
species of plant as Kumpta, the difference between the two being that the 
latter is grown under better conditions of rainfall than the former and is 
therefore of better quality. Thus Westerns come from the Sholapur, Bijapiir 
(except Barsi) and Belgaum districts and from Bellary (Madras), and are 
valued at about Rs. 30 per candy below Kumpta. A reference to Table II 
will show that the rainfall in these places is as much in the case of Bellary 
as about 10 inches below that of Hubli in the Dharwar district, which is 
typical of the Kumpta-growing areas. Further, much of the cotton from 
Sholapur and neighbouring places is still hand-ginned, which will account for 
10 of the 30 rupees by which the price falls short of that of the best Kumpta. 

Cotton from Miraj, though classed commercially as Westerns (see 
Table IX), is grown under the same conditions as good Kumpta and gener- 
ally fetches the same price as that growth. Again cotton from Athni 
(Belgaum), though grown under the same rainfall as that from Bijapur 
District, is of better quality than the latter owing to the more retentive 
nature of the soil which is of the good black-cotton soil type. 


28. This tract, comprising the two districts named, together with the 
northern part of the Broach District, is somewhat remarkable in that it grows 
within a narrow area a number of types in a more or less unmixed condition. 
This is due partly to the black soil occurring in patches in the prevalent 
‘Goradu’ of the district, partly to the use of well irrigation and partly to the 
cultivator’s individual taste. Except in the Bhai ” or black soil area, 
comprising the southern half of the Dholka and the eastern half of the 
Dhanduka talukas, the Broach variety here known as " Lalia ’ will only 

mature if the rainfall is supplemented by three or four waterings after the 

close of the monsoon ; this black soil area is in reality a part of the Surtee- 
Broach tract, but is separated off from it by the Gulf of Cambay and thus 
for geographical reasons may be conveniently discussed at this stage. The 
tract is a part of the ‘ Goradu ’ plain mentioned above that commences in the 
north of the Broach district and extends to the Indus Valley. The soil 
is in general light both in colour and texture, and is specially suited for 
irrigated cultivation under wells which are very numerous. The general 
appearance of the plain in those parts that enjoy a rainfall of over 20 inches 
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is that commonly described as “ park-like,” fields beino- well wooded and 
separated by high cactus hedges at frequent intervals in which oeciir mango 
and other trees. 

29, The average rainfall in the tract is about 30 incdies, its distribution 
during the monsoon being illustrated by the following table : — 


Table V . — Rainfall in inches. 


Month, 

Ahmed abad. 

Nadiad. 

Kaira. 

■ ■' 

Dhanduka. 

June 

4%56 

■ . ' 5*81 " : 

; 4*28 

'4*20' 

July 

August 


12*08 

" i , . ■ ll*71- 


8-58 ; 

11*60 

! 9-42 

6*06 

September 

6*31 

6*78 

6*21 

Ml 

5*06 

October to May ... 

no 

. ■ 1*28 ' - . ■ 

2*02 

Total ... j 

31*39 

37*55 

1 32*73 

27*88 


Passing from the cotton growing tract we are considering, the rainfall 
on the great ‘ Goradu ’ plain gradually diminishes, until it practically 
vanishes in the almost rainless Indus Valley. 

30. The four chief types of cotton grown in this tract are known to 
cultivators as ‘ Wagad ' Lalia ‘ Goghari ’ (or ‘ Kanvi '*) and Tiozi ’ (or 
^Jeria’}, Commercially they are grouped under the common name 
^ Dhollera a term which is almost synonymous with that of the " Broach 
(Gnjarat cotton). ’ This growth is largely consumed locally in the mills of 
Ahraedabad. 

31. Waaad is a variety of the Ilerhaceum species which differs from 
Broach outwardly only in the size and in the perfect dehis<‘ence of the bolls. 
The cotton is not picked from the bolls while as in other growths they remain 
on the trees, but the dehiscing boll is plucked bodily from the plant and 
the seed cotton extracted at leisure in the houses of the cultivators. Tliis 
boll-cotton is known as ‘ Kalas ’ and contains about 69 per cent, of seed 
cotton, which again contains 35 per cent, of cotton. Tiie cotton is of fair 
quality, coarser than Lalia, but owing to the methoti of harvesting contains 
much dirt in the form of parts of the braeteoles and boll coverings. 

Lalia is identical with the Broach variety and yields under irrigation a 
similar cotton ; on light soil it is almost always grown in. plots of a couple 
of acres round wells, from which after the close of monsoon it receives three 
or four waterings. In one taluka (Dhanduka) it is grown unirrigated on 


* The slight difference hefcweeti th^ two varieties is possibly doe only to difference in the 
conditions under which they ai’e gi'own. , 
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black soil often mixed with the last named variety. The rainfall (30 inches), 
however, is insufficient to allow the bolls to open completely, and they are 
often plucked whole from the tree like the Wagad with which it is mixed. 
The mixture fetches a better price than Wagad alone, but it is doubtful 
whether the pure crop would not pay better. 

Goghari is grown unirrigated under the same conditions as unirrigated 
Lalia. It produces a coarser fibre but yields better under a short 
rainfall. 

Rozi is the icightianum of Todaro and is assigned by Professor 
Gammie to G* ohtusifolium. It approaches the Hefhaceum species in general 
characteristics and appearance but is a perennial, and once sown is left on 
the land for three or four years. It is not sown as a sole crop in a field but 
as a mixture (a plant at wide intervals in every sixth row or so) with bajri 
and other crops. The ginning outturn is poor (25 per cent.), as is also the 
quality of the cotton. 

32. Outside this Presidency the tract is continued into Baroda, 
Rajpipla, Palanpur States, Rajputana and Kathiawar. The last named 
Province has a large area under cotton on a variety of soils including, espe- 
cially towards the west, patches of the black soil of the Surtee-Broach Tract 
(A) in its general ‘ Goradu ’ surface. Corresponding with the variety of 
soils is a variety of cottons which, while possibly fairly pure in the fields, are 
mixed at the presses, with the result that the reputation of the whole tract is 
not high. In the black soil portions, good cotton of the Broach type was 
formerly grown, but latterly seed of Khandesh cotton taken across the Gulf 
from Bombay as cattle food has been sown under the name ‘ Mathia.’ The 
admixture of this short stapled variety has accelerated the process of degene- 
ration of Kathiawar’s reputation for cotton. 

33. The crop is sown at the commencement of the monsoon (June) 
in rotation with bajri. The area under cotton in the Ahmedabad District 
is 300,000 acres and in Kaira 6,000 acres. The yield per acre varies 
from 2001bs. of seed cotton when unirrigated to as much as l,2001bs. when 
irrigated. 

D. The Degoan Tract. * 

34. This includes in this Presidency the districts of Khandesh (whole), 
Nasik (eastern one-third), Ahmednagar (eastern one-third) and Poona (south- 
eastern corner), and in Sholapur gradually merges into that of the Karnatak. 
In Khandesh the rainfall is derived almost entirely from the South- 
West monsoon, but in the southern part largely also from the North-East 
current. The annual precipitation varies only between 20 and 25 inches— and 
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exceptionally to 30 inches in East Khandesh-in the different portion; 
shown in the following table : — 


Table VL — Average rainfall in inches, 


Khandbsh. 


Ahmednagae 


Poona, 


Nasik. 


Disteict. 


West, 


Dhulin. Malecrnon. Indnpnr, J^hevg-aon. 


Station. 


Month of 


Aujsrust 

September 

October 


Total rainfall 


Area under cotton 
in thousands of 
acres 


It is interesting to note that the rainfall in East Khandesh is heavier 
than in the Western portion of the District— contrary to the general rule 
for the “ Desh ” as a whole — and that the cotton is in consequence better in 
quality and greater in quantity than in the West ; for instance, the cotton 
of Jalgaon is better than that of Dhulia (see table above) though produced 
by the same variety of plants. 

35. The area under cotton in the districts of the Deccan Tract is given 
for the year 1903-1904 in Table VI, the total being 1,440,000 acres or 24 
per cent, of the whole area under cotton in this Presidency (including 
Native States). The yield per acre varies from 100 to 700 lbs. of seed 
cotton. 

36. The variety of cotton grown in this tract is the same as that grown 
under similar conditions over practically the whole of Central India, Raj- 
putana, the Central Provinces and Berar, the Nizam’s Dominions and also 
on the lighter alluvial soils (often under irrigation) of the United Provinces , 
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Punjab and Sind. The total area in India under this 
therefore, as given in the following table : — 

Table VII. — Arm under cotton. 

Presidency, 

Bombay 

Central Provinces ... 

Berar 

United Provinces ... 

Central India 

Dominions 

Rajputana 

Fiinjab and N.'W. F. Province 
Sind ... ... . 

Other Native State.s 


Thousands of acres. 


12573 or 

12^ million acres. 

This is about 70 per cent, of the total area under cotton in India (17| 
millions). 

37. The rainfall at a few places in these extra-presidential regions is 
ffiven in the following table : — 


Tablk Vni . — Average rainfall in inches 


Month op— 

May 

June 

July 

August 

September 

October 

November to April 

Total 
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The importance of the particular variety of cotton produced in the tract 
under record it is hardly possible to exaggerate in view of the large area 
over which it is grown, and a thorough investigation of it is of very 
great urgency. Owing to the enormous area annually put under this variety, 
a very slight increase in its value per acre would mean in the aggregate a 
very large increase in the total value of the growth. The lines on which 
this investigation should proceed are indicated below. 

38. It is first necessary, however, to sketch briefly the nomenclature 
under which cotton, and the cotton of this tract in particular, comes into the 
market. In general it receives the name of the district in which it is grown, 
and if more detailed classification is required, the station at which it is put on 
to the rail for transport to the cotton markets of Bombay, Calcutta, Madras 
and Karachi. We thus get the following names applied to different quali- 
ties of cotton : — 

Table IX . — Commercial Classification of Cotton, 


Tract in which 

General name of 

Subdivisions of the growth 
according to— 

Eemahks. 

grown. 

the growth. 

Province or 
District, 

! ■ 

1 Station or Towrj. 

A. Gujarat 

Broach or Surtee- 
Broach, 

r Broach 

V Surat 

^ Miagaon and to 
! the south about 
7 others, 

1 Surat, Navsari and 
19 others. 




Kumpta 

{ 

Dharwar, Gadag, 
Hubli. 




Saw-ginned 

Dharwar 

I 

Gadag. 

Hublf. 

.. , , , ■ . /■ 

B. Karnatak ... 


Western 


Annigeri, ' ■' Bagal- 
kot, Sholapur, 
Belgaum, Bija- 
pur, Miraj and 
about others. 

I In the Bombay 
(Karnatak. 




Baichur and 5 
others. 

Beilary and 12 
others. 

Hizam’s Domini- 
ons. 

In Madras, 

0. Ahmedabad 
Kaira or Korth 
Gujarat, 

j-BholIera 

rOutoh 

Northern 

Gujarat 

Kathiawar 

About 10 towns, 

1 About 20 towns, 

Wadhwan, Bhav- 
na^r, Junagad, 
Duo ll era ana 
about 10 others, 

i' ' 

^ From many of 
these places a 
variety known 
as “ Mathia 
is also ob- 
tained which 
is distinguish- 
ed thus 
“ Bhavnagar 
^ 1 Mathia)** 
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^ABLB IX.— C'omwiemaZ Classification of Cotton. — (Oontd.) 


Subdivision of the growth 
according to — 


Tract in which 
grown. 


General name 
of the growth. 


■Remarks. 


Province or 
District. 


Station or 
Town, 


Ainraoti and 10 
others. 

Nagpur, Pulgaon 
and 10 others. 


( Berar 

Central 

Provin- 

ces. 


Short staple. 


Khandesh 


Dhulia, Jalgaon & 
about 20 others. 

Indore and about 
6 others. 


Central 

India. 


Medium length. 


Central 

Provin- 

ces. 


Burhanpur, 

Harda, 

Khandwa. 


I Khan 
desh. 


Akola & 20 others. This is Oomras 
proper & fairly 
long in staple, 

Hinganghat and 
about 2 others. 

Barsi and 10 
others. 

Ahmednagar and 
10 others, 

Kekvi & 20 others Improving in 

quality* 


Hinganghat | 


D, Deccan. 


Long stapled. 


Rajputana 


Ben gals. 


Central India.! 


This is Bengal 
proper. 


Comilla 


I Bengal 


Tract not treated 
of in this article 


Oawnpore & 20 
others. 


United Prov 
inces. 


Over 30 Stations in 
Sind & Punjab, 

( Coconada and 
I Guntur 


Sind, Punjab. 


Coconada 


In Madras. 


Tract not discuss- 
ed in this article. 


Coimbatore and 
about 12 others. 


Tinnevelly 


39, From the table it will be seen that a variety of cotton grown 
in a particular tract may be known Tinder several names commercially, 
though it has all been produced by one botanical variety (or one mixture of 
varieties) of plants ; for example, Oomras and Bengals (part), Sind, Punjab 
are all produced by a mixture in different proportions of the same botanical 



Broadly speaking the fibre prodnced by these varieties increases in 
value as we go down the list, G. neyledum rogea producing the shortest 
staple and the lowest priced on the market, while the last species in the 
list ((?. indicwm) produces the cotton known as Bani or Hinganghat whii^h, 
when pure, is equal to the best Broach in value and is, therefore, little 
inferior to middling American. 

41. For the purpose of analysing botanically some of the commercial 
growths of cotton, specially those of the Deccan Tract, I obtained, through 
the courtesy of the Bombay Chamber of Commerce and Messrs. Ralli Brothers, 
seeds (without cotton) of the growths given in the table below. The name 
of the variety is that of the growth from which the seeds were obtained and 
not that to which the seeds when sown by me gave rise. The growth 
had, therefore, been classed before the seeds were sown. Owing to the 
inability of the fieldman to distinguish between the fourth and fifth of the 
varieties mentioned above, these varieties were counted as one ; it may be 
said that the proportion of plants of the fifth variety (Bani) was in all 
cases small. In future work, however, all five varieties will be counted 
separately. 


ill#* 
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varieties of cotton. Further in the case of Berar the cotton coming from 
the southern part is known as Berar (proper), while the growth from the 
northern part and from the southern part of the Central Provinces is known 
as Belati and that from the northern part of the Central Provinces is classed 
as Khandesh. All this cotton is produced by the same mixture of varieties 
and, as will be shown later, the difference in quality is due to the difference 
in the proportions in which the varieties are grown to form the mixture. 

40. The mixture of varieties that produces the cotton over some 12^ 
million acres of the Deccan cotton-growing tract will now be examined in 
detail, and the proportion in which the constituents are mixed will be given 
for the few cases investigated. This mixture consists principally of four 
varieties which Professor Gammie has named as follows ; — Four of the 
varieties belonging to Todaro’s species neglectum and one of the same author’s 
species indicum, the varieties being : — 


Cultivator’s name. 


Botanical name. 


(1) Oossypiura neglectum rosea 

(2) Do, do. do. cutchica 

(3) Do. do. vera 

(4) Do. do. do. malvensis 

(5) Do. indicum. 


Varadi. 


Javi. 

Bani. 
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Table X. — Varieties of Deccan cottons, 


Percbntagb analysis of plants peoducbd from 

THE SAMPLES OF SEED. 


Name under which the 
seed was received. 


Yaradi 


NTagpur ... 
TJraravati 
Central India 
Berar 
Barsi 

Barsi (mixed staple) 
Barsi (good staple) 
K."W. Provinces 
Bhavnagari 
iJelati 
Kajputana 
Central Provinces 


Pro b a b 1 y 
almost as 
for Nag- 
pur. 


351 Western Bengal ... 83'5 2*5 11*4 

:I52 Punjab ... ... 43*9 ^*7 ... 2 

353 Khandwa (fair staple) 11*4 20*3 1P4 5 

R54 Harda (good staple) .. 3*8 0*9 ^*0 r 

355 Harda (fair good 5*4 9*5 29*7 

staple. ^ o 

356 Dhamangaon ... 55*0 27*5 11*3 

357 Pulgaon ... ... 92*5 6*6 

358 KumptaHubli ...^ ••• 

359 Akola (good staple) ... 3*6 2*4 10*8 c 

360 Akola (ordinary 59*8 18*5 2*^ J 

staple). P 

361 Khamgaon (ordinary) 14*5 14*5 10 5 ^ 

362 Khamgaon (good) ... 2*1 8*7 6*5 i 

363 Karanja (ordinary 61*4 18*4 -*3 J 

staple). ^ ^ cy,a f 

364 Karanja (good staple) 19*7 8*6 8 6 t 

365 Jnnagarh (Mathia) 86*3 * 1*1 ^ 

366 Juna|a^ ^ (Dholka, 3*3 3*3 2*2 

367 Farbhani (good staple) 1*0 3*0 19*0 | 

368 Sailu (good staple) ... 5*7 0*9 9*4 

369 Sailu (well up to good 34*4 . 12*5 ^ 

370 Hingangbat (ordinary 56*1 12*2 6*1 ^ 

staple). -OK t 

373 Hingangbat (good 2*1 ... ld*o ^ 

staple). ’ 

The price given in column 10 is meant only to indi 
ordinarily received ; the actual prices of course 
ly be reversed in the case of particular samples, n 
ition. tbe price in the table is that of the better one. 


m 



only can be now indicated. The^-it^alysis should be compared with the 
figures in the last column which repr^^t the comparative prices of the 
cotton usually arriving in Bombay of tlio""'gitmwths named in the second 
column. It will be found that the price varies directly in almost every case 
with the percentage of the plants producing the better staple. This is very 
marked in the cases in which seeds from the same place were obtained from 
crops showing a difference in staple ; such instances are Barsi, Harda, Akola, 
Khamgaon, Karanj, Sailu, Hinganghat. In all these cases tlie seed from 
the better growth contained a larger percentage of Ja,ri (columns 5 and 6) 
than of Varadi (columns 3 and 4). This is, I think, of the utmost importance, 
for it shows that differences of quality in many cases are due not to differences 
in soil, climate or methods of cultivation, but to differences in the actual 


* Seed from these places was obtained from another source. 

t The price given in column 10 is meant only to indicate the relative values of the growths as 
ordinarily received ; the actual prices of course vary, and the ratio between any two stations may be 
reversed in the case of particular samples. Where two samples are from the same station, the price 
in the table is that of the better one. 
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Table X. — (Contd.) 


Name under which the 
seed was received. 


Sind 

^Pimpalner 
^Nandnrbar 
*Taloda ... 
’^Shahada... 

*Dhulia .. 

^Ohopda ... 

*Jalgaon ... 

*Broach ... 

*Surat 
*Nausari ... 
■^Savr-ginned Dharwar 


1’2 

42*5 

22*5 

2*3 

39- 7 

40- 0 
7B*9 
73*0 


Percentage analysis of plants produced from 

THE SAMPLES OF SEED, 


3*4 

31*8 

36*7 

35*7 

52*9 

44*2 

23*0 

16*2 


44*2 

4*6 

8*2 

16*7 

‘ 2*6 

8-1 


300 
. 100 
; 100 


Varadi. 


5P2 

21*1 

3*2*6 

45*3 

7*4 

13*2 


Jari. 
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seed sown, and that therefore seed distribution can do much good. It may 
be urged that the ryot would grow the better staple if it paid him better. 
This is, however, to ignore the lack of knowledge under which the ryot 
labours, especially in the case of cotton. It has hitherto been found impossible 
to distinguish between samples of Bani, Jari and Varadi seed after ginning, 
and the cultivator himself certainly cannot distinguish them. The case of 
cotton is, therefore, entirely diflFerent from that of cereals, where the appear- 
ance of the seed tells the cultivator what quality on a harvest he is likely to 
obtain. 

It should be noted that the quality of the Bhavnagari sample must have 
been above that ordinarily received in Bombay which is Mathia, while the 
sample (347) in the table is almost pure Broach cotton. Again the purity 
of the Kumpta (358), saw-ginned Dharwar (American), Broach, Surat and 
Nausari is all that can be desired. With regard to Hinganghat, it may be 
said that the crop received under this name in Bombay used to consist of 
pure Bani {Gossypiiim indimm)^ while the samples (372 and 373) analysed 
included only a few plants of this variety. The pure Bani cannot be had 
now in Bombay, being all appropriated by the mills of the Central Prov- 
inces. The price (Rs. 290) of so-called Hinganghat in Bombay is witness 
to the impurity of the growth, for when pure the cotton from Bani is worth 
as much as best Broach (say Rs. 230). 

43. The growth of cotton in the Deccan Tract of India and not only 
of the Presidency may for the present purpose be divided into the three 
divisions of Varadi, Jari and Bani, according as it is respectively of a very 
short and coarse, of a coarse but longer, or of a fine long staple. It should, 
however, be understood that all these and especially the two first are now 
grown mixed and that the Varadi of Khandesh and the Jari of the Central 
Provinces are practically identical. The coarse Varadi has, in fact, replaced 
the original Jari in many localities, in Akola (see samples o59 and 360), 
while both have replaced Bani to a large extent. The area now sown with 
pure Bani~the centre of cultivation is in the Wardha Valley lying between 
the Central Provinces and Berar— is not accurately known, but except around 
its original home is negligible. 

44. It would be both interesting and extremely useful to have on 
record a history of the decline of the cultivation of Bani which, when grown 
pure, is an even more valuable fibre than Broach or Kumpta. It has been 
within recent years largely displaced by the coarser Vaiadi, a name which 
rightly or wrongly indicates Berar as the point of origin. Doubtless 
there ai*e many cotton merchants who could say whether a pure sample of 
Bani is now equal to what it was fifteen years ago. This would be interesting 
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Name of 
Farm. 


Variety. 


Perioci of experiment. 


5 years 1895 — 99 
5 years 1892—96 Sc 98 
1 year 1905—96 


Cawnpore 

Nagfpur 

Dhuha 


At Oawnpore there can be no doubt that the coarser Jari pays better 
under the system of planting practised than Bani ; whether this system is 
equally fair to the two varieties is a question that can only be decided by 
experiments in which each variety is sown and cultivated in the method best 
suited to it. At Nagpur, even if we take the price of Ikni seed cotton to be 
no higher than that of Jari, though it is not unusual for it to be iO per cent, 
higher, the cultivation of Bani is the more paying. The same remark almost 
applies to the one year’s experiment at DhuHa. We may then conclude tbat in 
certain districts of the Deccan Tract, the cultivation of Bani still pays the 
cultivator better than that of Jari. 

45. The cultivator is not, however, a free agent with regard to the 
crops he can sow, which are often decided' by the dealer,, and his point of 
view must, therefore^, be considered. Though the yield per acre of seed 
cotton may be the same for both, Bani and Jari and, therefore, even supposing 


in view of the suggestion that the deterioration in part at least is due 
to the degeneration in the plant itself and not entirely to intermixture of 
coarser growths. So far there is no evidence in favour of this suggestion, 
and it is much more probable that the process of deterioration in the 
cotton of the district is due to the replacement, in part or bodily, of the 
original variety by a coarser and possibly more prolific one. It has 
generally been assumed that such replacement has been consciously and 
honestly brought about by cultivators in their own interests on finding 
that the value per acre of the coarser sort was greater than that of the 
finer. I venture to think that, although this may have been the case, it 
is by no means proved, and that there are two alternative methods in which 
respectively the cultivator or the money-lender plays a less honest and an 
entirely unconscious part. The whole question turns on the relative yields in 
both seed cotton and cotton of the finer and coarser varieties. The only 
evidence I have on this point is that furnished by the Government Experi- 
mental Farms at Nagpur, Oawnpur and Dhnlia, which is as follows : — 


Avbjrage Yield mi acre 

: IN.' DBS. 1 

Perceistiige of 
Cotton in Seed 

Seed Cotton. 

I’otton. 

Cotton, 

.580 

145 

' .25 

7fi!) 

246 

' S2 

216 

54 

25 


66 

m 

679 

167 

25 

698 

299 

m 


S74 



COTTON OF THE BOMBAY PRESIDENCY : PLETCHEK 


that Bani seed cotton sells only at the same rate as Jari seed cotton, the two 
are ecj[oally paying to the cultivator, but the case is quite different when we 
consider the cotton alone, and it is with this form of the crop that the dealer 
is chiefly concerned. Taking the above figures for ISTagpur, we find the 
yield per acre of cotton to be in favour of Jari which yields 20 per cent, 
more than Bani. This increase is only just sufficient to counterbalance the 
smaller price of Jari cotton (in contradistinction to seed cotton) as compared 
with Bani. If, however, the dealer can sell his Jari cotton at the price of 
Bani, he gains in dealing in the former commodity. This he can do to a 
certain extent by judiciously mixing a little Jari cotton with a large bulk 
ot Bani. Having once tasted the sweets of illicit gain, the descent to 
Varadi was not only easy but inevitable, and by dint of deluding 
himself he was deluding some one else, the cultivator (or his money- 
lender), who would progress in his unrighteousness and add more 
Varadi. It may be argued that when the practice of admixture becomes 
generally known, buyers would decline to be further defrauded and would 
give for Varadi only the price of Varadi whether it was called Bani or not, 
so that a return to the cultivation of Bani would ensue if this were more 
paying than the honest cultivation of Varadi. There are, however, diffi- 
culties in the way of this return. The first is that to obtain the intrinsic 
value of a sample of cotton, there must be sufficient cotton of the same 
class to make a market. Suppose, for instance, in a Varadi growing tract, 
an enterprising cultivator grows five acres of Bani and obtains 1,000 lbs. 
of seed cotton (Kapas). This quantity would have to be ginned separately 
in the first place, and when ginned would not be sufficient to form a bale. 
The cultivator would probably get less per maund for his finer Kapas than 
he would get for the coarser local growth, since it would be bought on the 
basis of Varadi cotton (in contradistinction to seed cotton) and the percentage 
of cotton in it would be less. Combination among cultivators would overcome 
the difficulty^ but this is at present non-existent in India. The second diffi- 
culty met with in an attempt to resuscitate the cultivation of a finer growth 
is that a district, having once obtained an evil reputation, cannot for some 
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more paying than that of Varadi, though the yield per acre of the latter is 
the greater. Suppose, therefore, that the cultivator of a district wishes to 
continue to cultivate Bani as a pure crop, he may only be able to raise a 
mixture through contamination of the seed at the gin. Suppose, further, for 
the sake of illustration that a plant of Yaradi produces twice the number 
of seeds of a plant of Bani. Then, if we have one plant of Varadi as a 
weed in a field of Bani and this is not removed, the resulting seed when 
sown will give two plants of the Varadi to the acre of Bani, the following 
season four plants, and so on. The percentage ot impurity would thus, if 
unchecked, increase. from year to year in geometrical progression up to the 
point of complete substitution of the weed for the original crop. A culti- 
vator may thus unconsciously allow Varadi to displace Bani in his fields, 
even though he knows that the latter would pay him better. If the culti- 
vator had the knowledge and initiative required for the separation of the 
two varieties — not to the uninitiated very different from one another — there 
would, of course, be no possibility of his unconsciously decreasing his income 
in this way. Cultivators, however, as a rule, know much less of the varieties 
of cotton than of such crops as sorghum, wheat and the like, the excellency or 
otherwise of the produce of which is more or less brought home to them 
very practically in their daily bread. On the above supposition as to the 
relative number of seeds produced by singfe plants of the two varieties, 
it is easy to show that it would take only sixteen years to convert fields of 
Bani containing one Jari plant per acre into fields containing nothing but Jari. 
The supposition, however, assumes a greater disproportion between the 
fields of Jari and Bani than is ordinarily found. The following is a closer 
approximation in actual facts. Taking the rates of seed cotton to be Rs. 7 
and Rs. 8| (per 80 lbs.) for Jari and Bani respectively, we see that the 
two varieties are equally paying to the eulfivator if Bani yields 120 lbs. of 
seed cotton per acre when Jari yields 150 lbs. Of the 120 lbs. of Bani 75 per 
cent, or 90 lbs. is seed and of the Jari 68 per cent, or 102 lbs. The ratio of the 
number of seeds produced by a single plant of Bani and Jari would seem, 
therefore, to be as 9 is to 10 and not as 1 to 2. The problem is, however, 
complicated by the fact that though single seeds are of equal weight in 
both cases, a greater number of seeds of Bani should probably be sown per 
acre than of Jari to secure the best results. This is a point that will be 
tested. 

47. From the above remarks it will be apparent that much more 
experiment is necessary before it can be stated that the cultivation of Jari is 
invariably ' more paying than Bani under the same set of conditions wfmn 
the produce in each case fetches its iMrinsie mlue^ Experiment along these 
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bEuiteci at tile brovemment farm at Dliulia. Other experi- 
ments, there being carried out with a view to the improvement of the 
Aree^ agricultural varieties of Varadi, Jari and Bani, include attempts to 
increase the yield per acre and the ginning outturn of Bani by hybridiz- 
ation and selection, and to improve the staple of Varadi by the same 
■•meaES,. ' 

48. The cotton of this tract is sown in June and matur 
December. The rotation 
sorghum on heavier ones, 


■es in November- 

is a two-year one with bajri on light soils, or 
alternating with cotton. 

E. — The Sind Tract. 

49. The fifth cotton-growing tract of the Presidency can be dealt with 
very briefly. It is not here possible to go thoroughly into the possibilities of 
this tract as they are dominated by the question of irrigation. Briefly the 
canals of Sind may be divided into two classes, inundation and perennial ; of 
the latter there is, properly speaking, only one, the Jamrao, which commands 
an area of 7 } lakhs of acres, of which one lakh is annually placed under 
cotton. On canals of this kind providing water all the year round, it has 
been proved that Egyptian cotton of a quality only slightly inferior to that of 
Egypt itself can be grown and will yield as much seed cotton as the local 
variety and is worth twice as much. It must be sown in March or April so 
as to mature before frost occurs in January, 

50 . On the inundation canals, on the other hand, water is available 
only during the period of inundation of the Indus. This is about 3^ months 
(June to October), that is, about the same as the period during which rain 
falls in the Presidency proper. The local variety of cotton all over Sind 
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in the form of a large perennial canal taking off at Roliri and nmniiig as 
far as Hyderabad. 

Summary. 

51. The quality of cotton is in general directly proportional to the 
length of the period of growth of the plant producing it. Thus Egyptian 
matures in nine months, American in eight, Broach in eight, Jari in five 
and-a-half. The length of this growing period depends on (1) the amount 
of annual rainfall ; (2) its distribution ; and (3) the retentivity of the soil. 
Excepting the Karnatak Tract the rainfall in this Presidency all falls between 
the middle of June and the end of September, three and-a-half months. 
If the soil is deep retentive black soil, the growing period of the plant 
extends for as much as five months after rain has ceased (Surtee-Broach 
Tract) ; if less retentive (Deccan Tract), for only three months. The Deccan 
Tract, therefore, cannot in general produce as long a, staple as the Surtee- 
Broach Tract even if the rainfall were equal in both. 

52. The five cotton-growing tracts of this Presidency are : — 

A, The Surtee-Broach Tracts with a deep retentive soil which, under 
a rainfall 34 to 45 inches falling in 3^ months, can support our best indigen- 
ous cotton, though this requires eight months for maturity. 

B, The Karnatak Trad, also with a black retentive soil which, under 
a smaller rainfall of 23 to 34 inches distributed over five months, can support 
an indigenous cotton almost if not quite equal in quality to Broach, and 
which at the expense of its ginning outturn takes a month less to mature ; 
on the lighter soils American cotton also grows well under the better dis- 
tributed rainfall. 

0. The Ahmedahad-Kaira Tract., with a light soil and u rainfall of 
28 to 37 inches falling in three and-a-hulf months ; owing to a given 
quantity of rain being less effective on light than on heavy soil unless well 
distributed throughout the growing period, this tract cannot produce an 
annual cotton equal in quality to the two former tracts. 

i). The Deccan Tract.^ with soil varying from light to a thin black clay 
which, under a rainfall of 20 to 30 inches all failing within 3-| months, 
can produce either a coarse cotton (Jari) or a fine one (Bani) ; here again 
a finer variety matures in the same time as a coarser one (or about a 
fortnight later) but only at the expense of the ginning outturn. 

E* The Sind Tract, — This tract is dependent on irrigation and can 
grow Egyptian cotton where the canal is perennial, and it is possible to sow 
early, so that it can produce the finest cotton known to commerce, except 
Sea Island (only grown, .over a small area in America). Where, however, 
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irrigation is onij possible during the period in which the Indus is in flood 
(June to October), the quality of cotton that can be grown will probably 
even when improved to the utmost not be superior to that of the Surtee- 
Broach Tract, and is actually now equal only to that of the Deccan Tract. 


III.— improvement OP COTTON. 

53. A short account of what has been, and is now being, done in this 
respect in this Presidency is given below. The possible methods by which 
the cotton of any tract may be improved are : — 

(a) Hybridization between two varieties and subsequent selection ; 
(li) Selection (plant to plant) of the local growth ; 

(c) Exchange of the variety in one tract for that grown in 

another ; 

(d) Introduction of varieties foreign to India ; 

(e) Improvement in the methods of cultivation. 


Hybridization. 

54. Hybridization is often referred to in the public press as if when 
this is once done the whole question of improvement of cotton is at an end. 
That this is not the case will be obvious when it is stated that of the progeny 
of a cross between any two varieties of cotton, some may be better, some 
equal to, and some worse than either or both the parents. Hybridization 
unless followed by extremely careful selection will lead to nothing, while 
selection alone without hybridization can often bring about a considerable 
improvement as will be shown later. 

In 1901 Mr. Mollison caused crosses to be made at Poona between a 
large number of the Indian varieties of cotton. These were carefully 
examined by me in 1903 and transported, as far as farms were available, to the 
districts to which they appeared severally to be most suited. It need hardly 
be said that it is impossible to rear at Poona a variety of cotton intended as 
an improvement on that of the Surtee-Broach variety or at Surat on that of 
the Khandesh variety, for when transferred to their final home all kinds of 
changes may occur. It is necessary, therefore, to experiment in the tract in 
which the cotton is intended to be grown. Corresponding to the five tracts 
into which the cotton-growing area of the Presidency is divided above, 
we have now experimental farms at Surat, Dharwar, Nadiad, Dhulia 
and Mirpurkhas, situated respectivdy in tracts A, B, G, D and E. 
farms were established in the following years, viz,, 1897, 


These 

1904, 1903, 1905 and 1904. It will be apparent, therefore, that the 
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Surat Farm alone has been established long enough to secure even 
approximately definite results, and on that farm unfortunately the past 
two seasons have enjoyed less than half the average annual rainfall. The 
hybrids have, therefore, been growing under unfavourable climatic condi- 
tions, and it is farther impossible to see how they will behave under a 
normal monsoon. As, however, the ordinary growths with which they 
have been compared in value have grown under the same unfavourable 
conditions, it is thought that indications of the real relative value.s of the 
hybrids and the local growths have been obtained. 

55. Further, it is to be noted that it takes about five seasons before 
a hybrid will come “ true to seed that is, a hybrid seed produced in 1901 
and sown in 1902 will not until 1906 produce plants, the seed of which 
will all give rise to plants similar to one another. We are, therefore, not 
yet in possession of such hybrids, but those produced in 1901 will give 
rise this season (1906-1907) to a new variety. 

56. Moreover, hybrids grown on the Surat Farm which, for three 
seasons have shown promise of giving rise to improved varieties, have 
deteriorated considerably during the past season, and of the many that 
have been bred and carefully selected only one (No. 1027 A) is now 
promising. Whether this deterioration is permanent or due merely to 
being grown for two seasons under less than half the normal rainfall, farther 
experience alone can prove. 

57. It would serve no useful purpose to give a history of all the crosses 
produced, many of which have already been abandoned. This history of 
three is, however, given as showing the method adopted, and the uncertainty 
of results. 

It will be seen then that extremely careful selection is the only means 
of obtaining any results at all. Had the hybrid No. 1027 not been very 
carefully examined, the hybrid No. 1027 A, which has been valued at a rate 
as high as 20 per cent, above fine Broach, would not have been obtained. It 
should be added that another valuation denotes only 8 per cent, improvement ; 
owing to the small amount of cotton so far produced, a true and reliable 
valuation is impossible until next year. With regard to this hybrid 1027 A 
it can only be said that if it does not deteriorate it will be worth many times 
more the whole expenditure on the Surat Farm since its establishment. 
It is, however, hoped that, so far from deterioration occurring, a further 
improvement will be obtained by continued careful treatment. 

58. Since hybrids on other farms, mz., Dharwar, Nudiad, Dhulia and 
Mirpurkhas, have not been in existence long enough to become fixed in type, 
it is nnecessary to give details of them here. It can, however, he stated 
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Table XI. — History of Hybrids 


Name of Parents. 


Remarks. 


1016 Broach 


Cross made at Poona. 

Grown at Poona. 

Grown at Poona and 
selected. 

Grown at Surat and divi- 
ded up into three sub- 
divisions according to 
quality of fibre, habit 
of growth and the like. 

Grown at Surat. All 
these divisions show 
marked deterioration . 


Cross made at Poona. 
Sown at Poona. 

Sown near Ahmedabad. 
Sown at Surat and sub- 
divided into 4 classes* 
Grown at Surat j all 4 
classes have deterio- 
rated. 


A single plant of the 
hybrid 1027 was selected 
in 1903-1904 as giving a 
superior fibre. The 
seed of this was sown 
separately in 1904 under 
the number 1027A and 
again in 1905. 


1027 A Goghari i Kumpta 


that there is no reason why an improvement should not be obtained at least 
equal to that obtained at Surat. 

Selection. 

59. The selection of particular plants among the local growth has 
not in India received the attention that it deserves. As stated previously, 
the cultivator has not the knowledge necessary to enable him to differentiate 
between two cotton plants when the difference between them is only that 
one is slightly more prolific or produces a slightly better fibre than the 
other, this difference not being potent as it is in the case of jowar, bajri, 
wheat and some other crops. That much can be done in this way will be 
obvious from a reference to Table X, which shows that a crop of J ari con- 
sists of a mixture of varieties, and that the produce depends on the propor- 
tion in which these varieties occur in the mixture. The method can, 
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however, be utilized in the case of pure crops, such as Broach. As an in-- 
stance of this, it may be mentioned that, while showing a casual visitor round 
the Surat farm and wishing to illustrate the difference in staple between 
Broach and another variety of cotton, I picked a sample of Broach 
haphazard from the nearest plant in the field, and was surprised to find that 
it would not serve the purpose intended as it was much better than the 
average of the crop. The seed from the tree thus aecidentally discovered 
was picked and sown separately, with the result that it produced in the 
season just past a fibre valued at 5 per cent, above cotton of the same 
variety grown on the same ground from ordinary seed. This process of 
selection is now being carried out on all the farms of this Presidency, and 
especially at Dharwar seems likely to lead to permanent results wdth the 
acclimatized American variety, since in this variety there is much variation 
from plant to plant. Owing, however, to the total failure of the monsoon 
in the tract during the last year, no definite results have been obtained in 
the short period (two seasons) during which the farm has been working. 

Exchangi of Varieties. 

60. The limits are narrow within which an exchange of variety from 
one cotton-growing tract to another can take place. The growing of the 
Surtee-Broaeh variety in the Karnatak Tract appears, however, likely to lead 
to good results, but further experiment is needed. During the last two 
seasons it has been grown on the Dharwar farm side by side with the local 
indigenous variety, ^ Kumpta,’ with the following results : — 


Table XII , — Ktimptaand Broach 



Yield in seed cotton 
per acre. 

Percentege of fibre. 

Rainfail in inches. 

Yariety. 







1904-05. 

1905-06. 

1904-05. 

1905-06. 

1904-05, 

1906-06. 

Kumpta 

690 

m 

26 

25 

,j 

^ 26-93 

1 12-67 

BroacL 

1,066 

346 

32 

m 


It will be apparent that even if the Broach variety does not give a 
larger yield of seed cotton per acre than Kumpta, yet owing to the higher 
ginning outturn of the former, its value per acre is at least 20 per cent, 
greater. It is interesting to note that the percentage of fibre in the seed 
cotton of both varieties is lower in a year of small rainfall, and that the 
Broach variefcj when grown in Dharwar has a smaller percentage than 
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Introduction of Foreign Varieties. 

62. The foreign varieties that have been introduced with some success 
in the past may be divided into two classes, viz : — annual and perennial (or 
tree cotton). Taking the annual varieties first, we find that in 1830 
American Uplands seed was introduced and sown in large quantities in the 
Dharwar District, and it survives to-day in that District, but in a greatly 
degenerated form. It has also been tried in the Surtee-Broach and Deccan 
Tracts, but it is only in the Karnatak Tract that it remains as a field crop 
among cultivators ; the cause of this was given above in the description of 
that tract. Nothing further need be said except that there is reason to 
believe that if new seed be now introduced and carefully selected^ plant by 
plant, acclimatization may be accomplished at a smaller cost in deterioration 
of the staple. This process is now being carried out on the Dharwar farm. 

63. Recently in the year 1904 I grew Egyptian cotton at Dhoronoro 
in Sind, the results of which are given in Table XIII . 

The produce was valued in Liverpool at a little less than Egyptian grown 
cotton of the same varieties. In the year just past about 1,500 acres were 
sown partly with the Metaffifi and partly with the Abassi varieties. The 
yield over large areas on good soil free from alkali was about 1,000 lbs. of 
seed cotton per acre, and would have been greater except that owing to 
late sowing the crop was damaged by frost. During the spring of the 
present year, the seed of the Abassi variety for about 6,000 acres was distrib- 
uted to zemindars, and there can be no doubt that it will pay the cultivator 
much better than the local Varadi variety when grown under the same 
conditions, being valued at about twice the price of the latter, and the yield 
being more rather than less. The growth of Egyptian cotton or any other 
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Table XIIL — Egyptian Cotton. 


Name of variety. 

Time of 
sowing. 

Interval between 
waterings 
in days. 

Yield per acre of 
Seed Cotton. 

Yannovitcli ... 

April 

20 

872 


Do. 

15 ' 

1,174 


May 

; 30 

805 


Do. 

, 30 

l,0i6 


June 

20 

704 


Do. 

SO 

684 

Abassi ' ■ .... 

April 

15 

U018 


Do. 

' , 20 . 

907 


June 

! 15 ■ 

940 


Do. 

20 

519 

Metaffifi ... 

April 

15'., 

1,489 


Do. 

20 

1 ,257 


June 

15 

i,n>6 


Do. 

20 

744 


Do. 

15 

815 


Do. 

15 

:m 

Ashmouni ... 

April 

15' ■ 

1,227 


Do. 

20 

972 


June 

15 

899 

- 

! 

Do. 

15 

900 


variety with a long period of growth is restricted to those parts of Sind 
where perennial irrigation is possible, since if it can only be sown when the 
river rises in June, it cannot mature before the frost of December- January, 
Many attempts have in the past been made to grow Egyptian cotton in Sind 
and elsewhere, and it is probable that in Sind it was frost tiiat caused 
uniform failure. This was certainly the case with a small plot I myself 
saw at Mirpurkhas in the autumn of 1903 ; the crop, having been sown in 
July, was totally ruined by frost in December and yielded no produce at all. 

64. Further in the coastal region of Sind w^'here the air is always 
damp, Sea Island cotton could be grown if perennial irrigation were avail- 
able. An experiment on the Karachi sewage farm, kindly made at my 
suggestion by the Chairman of the Karachi gardens, gave the following 
results : — 

Table XIV . — Sea Island arid Egyptian Cotton^ 


Variety. 


Yield per iicra. 


Egyptian Abassi 
Sea Island 


Lbs, 

m 

m 


The valuation of the produce has not yet been received, but tbe Sea 
Island cotton must be worth about 30 per cent, above even Abassi, 
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65. With regard to tree cottons, little can as yet be said, though experi" 
ments on two different species give promise of success. These species are in 
all probability peTuvianum and G* harbadense (of some authors) ; the 
nomenclature, however, of the whole genus is complex. The former 
species yields the fibre known as ‘‘ rough Peruvian, ” while the latter 
is apparently not cultivated as a field crop in any part of the world ; 
it may be identical with the plant known as “ Bourbon, ” and yields 
a smooth cotton of long staple somewhat similar in style to Egyptian, 
but not so long, while rough Peruvian is, as its name indicates, a rough 
cotton, but is also very long. Exact valuation of large quantities of 
these two cottons have not been as yet obtained from England, but 
small samples have been valued at more than 20 per cent, above fine 
Broach. It remains to ascertain by experiment the yield per acre that 
these two varieties will give. This is now being done with the species 
Barbadense in the Ahmedabad-Kaira Tract and with the ‘‘rough Peruvian” 
in the Karnatak Tract, the varieties appearing from experiment to be 
suited to these tracts respectively. It is possible that the former variety 
may require irrigation in its first year, but with a normal monsoon it 
may be able afterwards to pass through the hot season without this help. 
It appears to be extremely prolific as grown on the Nadiad farm and 
on a large private plantation started a year ago in the Palanpnr State. 
The area on the Nadiad farm is not large enough to allow of the yield 
being calculated, but is being increased during the present season ; the 
first crop is now being picked in the case of the other experiment with 
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Impkovkment in Methods of Cultivation. 

66. It is often stated that the poor quality of Indian cotton is due in part 
at least to the primitive method of cultivation employed. While this may be 
true to a certain extent in the case of districts that are backward agriculturally, 
it has been shown above that this inferiority is due on the whole, first, to the 
character and amount of the rainfall, and secondly, to the fact that plant to 
plant selection has never been known. Further, it is often assumed that the 
liberal application of manure will improve the quality. That this is far from 
true the figures below will show. In the past season (1905-06) cotton was 
grown on the Surat farm on plots which two seasons before had received a 
liberal dressing of manure. It will be noticed that not only the quality, but also 
the quantity, from the manured plots is much lower than from the unmanured. 


Table XV. — Cotton Mcutiu^unj. 


Variety of cotton. 

Yield in 

LBS. PER ACRE OF SEED 
COTTON* 

Valuation of cotton in rupees 
PER CANDY {784 LBS.). 

Manured 

Manured less 

Unnjanur- 

Manured 

Manured less* 

Uninaiiiir- 


heavily. 

heavily. 

ed. 

heavily. 

heavily. 

ed. 

Goghari 

68 

:i8 

H9 

185 

210 

215 

Broach 

' m ■. 

28 

162 

1 ' . I 

215 

260 

265 



The effect of the manure applied two years previously is somewhat remark- 
able, even when the short rainfall (20 inches instead of 42) is taken into account. 
Manure, after it has been applied to the soil, really forms part of the soil, and 
it was stated above that soil and rainfall are in a great part complementary. 
Had the monsoon not failed, it is probable that the above results would at least 
not have been so marked and possible that they might have been reversed. 

67. The effect of water on the soil is the exact opposite of that above 
given for manure, but here again the abnormal season has exaggerated the 
effect. The results were obtained in the past season on the black cotton 
soil of Surat B'^arm on adjacent plots, one of which received waterings after 
the monsoon, while the other received none. The quality and yield are 
indicated in the folowing table: — 

Table XVL — Irrigated Cotton, 


Vanoty of cotton. 


Broach 


YibiiD pbb ACBi m of 

SEED COTTON. 


Irrigated, j Unirrigatod. 

____ _ ^ 

430 ! 128 


Vai:.uat«)K of cotton in lis. 
mi CANDY OF 784 WiS. 


I 

Irrigated | Umrrigatcd. 
258 m 
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The effect of watering on the percentage of cotton in seed cotton is 
indicated by the following results obtained on tbe light soil of the Ahmedabad 
district ' 


Table XVII . — Irrigation Cotton 


Percentage op cotton in seed cotton 


Variety of cotton. 


Irrigated. 


Unirrigated. 


Wagad 

Lalia 


68. The conclusion to be drawn from these data is that the quantity 
of manure applied must be regulated by the quantity of water that the crop 
receives in the form of rainfall or irrigation or both combined. It may 
further be stated that of the two— water and manure — the one of which the 
want is by far the greater in most parts of India is water. If water was 
available in the hot weather, it would be possible by the growth of legu- 
minous crops to make up for the general loss of manure by burning. The 
water that falls as rain on the soil in the cotton-growing tracts of this 
Presidency is luisbanded by the cultivator to the greatest possible extent by 
frequently stirring the surface soil between the growing plants. Experi- 
ments have not yet been conducted to see whether the common practice of 
applying to black soil about ten tons of cattle manure per acre every five or 
seven years can be improved on, or whether this quantity of manure is indeed 
the correct amount and that corresponding to the rainfall received. A 
series of nlots has now been started on the Surat and Dharwar Farms that 
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methods in use are as far as toe yet know those that under the rainfall 
received give the best results. One other item in the method of cultivation 
besides manure and irrigation is receiving special attention, and that is the 
time of sowing. This is fixed in all tracts, except the Karnatak/by the 
first fall of rain. In the Karnatak, however, though the monsoon commences 
in May, sowing of cotton does not generally take place until Aiigust- 
September, and on the Dharwar Farm experiments are being conducted 
in which sowing takes place in June-Jiily. In the year 1904-1905 when 
the monsoon was noiunal except that the late rains were scanty, the early- 
sown crop of both Kumpta and American gave not only an increased 
yield but. also a better quality of fibre. The results are given below : — 


TabLB) XVII I . — Karly and late sowifun 


Time of sowing. 

! 

Variety. 

Yield in lbs. 

PKK .VCRE, 

Vnlu.'itinn of Cotton in 

Seed Cotton, j 

j 

Cotton. 

Us*, per candy of 784 lbs. 



June— July | 

American 

Kumpta 

969 ’ 

690 ; 

mi) 

m 

m 

219 

August 

American 

371 

118 

190 ^ 

September 

Kumpta ... I 

551 

m 

208 


It will thus be seen that early sowing resulted in an increase of Rs. 7 
and Rs. 10 of the value per acre of the Kumpta and American varieties 
respectively. 

Conclusion. 

71. From the statements above made it will be seen that progress has 
been made in the introduction of foreign varieties especially of Egyptian 
cotton into Sind, while in the case of indigenous varieties at least one 
extremely promising hybrid bas been reared on the Surat farm and will be 
distributed so soon as sufficient seed has been grown. With regard to the im- 
provement of indigenous varieties, it must not be expected that progress will 
be made per saltiim either in selection or in this process aided and accelerated 
by cross fertilization. Under the best circumstances and with an unlimited 
amount of the most highly trained assistants, it is impossible to obtain a 
fixed type from a cross within four seasons of the date of the creation of 
the cross, and in field experiments on a large scale and with a very limited 
amount of assistance, it takes at least five seasons. This period must, there- 
fore, elapse before the value of a hybrid can in many cases be accurately 

* On the black soil of tMe larm tk& qxiBMf of Amerfoan is jR;«* 5 or 6 less Ihan on a so 
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judged. The great desideratum in carrying out the work of selection 
is a sufficiency of trained men. An attempt is being made to train men 
who shall become capable by accumulated individual experience of per- 
forming the routine work of selection and hybridization in a reliable manner. 
Knowledge in all agricultural matters is so largely a matter of individual 
experience that the special work of any one man cannot be taken up by 
another who, while possibly more highly trained generally, must accumulate 
his special experience before he can be of any value. It is only by a 
division of labour and specialisation of this kind that any efficiency can be 
attained. An ounce of practice in agriculture is worth several pounds of 
theory, and the value of experience which is here synonymous with 
practice cannot be transmitted on paper, though results actually obtained by 
means of it may. The above facts will indicate that it is yet early to look 
for results from hybridization on such newly established farms as those at 
Dharwar, Dhulia and Mirpurkhas.. In the matter of methods of culti- 
vation and transfer of seed from one locality to another, much light has been 
thrown by the survey of the conditions obtaining in the different cotton- 
growing tracts and by experiments especially on the Surat and Dharwar 
farms. 

72. Taken as a whole, the work of the Department with regard to 
cotton during the past three seasons must be looked upon as merely prelimin- 
ary, but it is thought that the chief lines along which work is to be done 
in the various cotton-growing tracts have been discovered, and these have 
been briefly sketched above for each tract. 


ASSAM RUBBER AND ITS COMMERCIAL 
PROSPECTS. ■ 

By HAEOLD H. MANN, b.sc., 

Scientific Officer to the Indian Tea Aesociation. 

There is no tropical product whose culture is calling forth at the 
present time such great energy and at the same time such great hopes as 
India rubber. Until recent years, it was entirely a jungle product, and was 
nowhere actually cultivated, the forests of Brazil, Central America, West 
Africa, "Nforth India and a few other countries being sufficient to supply the 
world’s market with the whole quantity required. But within the last decade 
this condition of things has altogether changed. On the one hand there has 
been a constantly and rapidly increasing demand ; on the other, a supply 
which, if not constantly diminishing, has been more and more expensive to 
win, owing to the methods inevitable in jungle tapping which have led to the 
killing of the rubber-yielding trees over larger and larger areas. The result 
has been an increasing price for the rubber required by the trade, until in 
all climates and countries suitable for its culture, there is promise ot its 
being one of the most profitable of tropical crops. 

Among the hundred or more rubber-yielding plants of the world, how- 
ever, there seem to be very few which yield a sufficient quantity of a rubber 
of good enough quality to pay for cultivation. At present it may be said 
that there are practically only four plants in commercial culture. These are 
the Para rubber of Brazil {IJevea brasiliensh% the Central American rubber 
(Castilloa elastica), the Assam rubber (Fkits elastka) and the Ceara robber 
{Manihot glaziovii). Others may be and are in the experimental stage, and 
Oeara itself can hardly be said to have passed beyond the region of experiment. 
Under suitable conditions, there is no doubt of the superiority for commer- 
cial culture of the first two of those named, pirovided the conditions of their 
growth are found in perfection. They both require a warm equable climate. 
In addition, the Para rubber needs a continually moist soil, which never 
becomes dry to any depth, and an atmosphere which is generally or indeed 
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NATURAL RUBBER TREE ABOUT 120 FEET HIGH. 

This tree yielded 30 lbs. of rubber at one tapping. 

(Reprodueed from Forest Bulletin IV of 1906) 
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almost always moist. The Castilloa rubber does not seem to be quite so 
particular in respect of the presence of a continually moist atmosphere or 
soil, but is quite as rigorous in its demands in other directions, xlnother 
point deserving notice is that even if either of these or other rubber-yielding 
trees were capable of growing under unusual conditions, it by no means 
follows that they would then yield the same amount of rubber. On the other 
hand, it is most unlikely that this should be so. There is strong evidence 
that Fims elast'ka^ taken away from the steamy forests of North-East India 
or places of similar climate, hardly yields any of the commercial product, and 
I have been present at the tapping of a mature Ceara tree in Sylhet, when 
nothing but a trace of rubber was obtained. 

This is unfortunate for North and North-East India. The best rubber 
trees (Para and Castilloa) will not grow there or will only grow with 
difficulty, and if they did grow, there is no security for their yielding a pay- 
ing quantity of rubber ; so that if these districts had to depend on the 
introduction and acclimatisation of these trees, it is probable that they would 
never grow rubber at all. But there is a tree of which these parts of India 
is the natural home, and whose product originally gave the name of ‘India- 
rubber’ to the commercial article. This is the Assam rubber or Fims 
elastiea. This tree, however, possesses grave disadvantages over the others 
named. It grows more slowly : when grown, its habit makes it more 
difficult to work : very much fewer trees can be planted on the same area : 
the rubber it produces is inferior to that from Para or Castilloa trees. In 
spite of all these disadvantages, there seems a possibility of fair returns 
being obtained by its culture under suitable conditions, and such returns 
have already been obtained in Java, in the Malay States, and in a sense 
on the rubber plantations belonging to the Indian Forest Department in 
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where he is speaking obviously at second hand, his pamphlet is not so 
valuable. . 

The second publication (“ Ficits elastica : its natural growth and artificial 
propagation,” by E. M. Coventry, Deputy Conservator of Forests) is an 
official publication of the Forest Department of India, and contains a sum- 
mary of the experiments made and the results obtained at the Government 
rubber plantations in Assam. It is hence unique. .No one has had a fraction 
of the chance of observing everything in connection with the culture and 
tapping of Ficus elastica in North-East India that has fallen to the lot of the 
forest officers in charge of these plantations, and their conclusions are there- 
fore invested with a weight and an authority which the writings of no other 
person in India can hope to have. 

These plantations, as is very generally known, were commenced in 1873, 
and have been gradually extended from an original area of 180 acres to 
nearly three thousand acres. They lie at the foot of the Himalaya in the 
Darrang district and at the foot of the Khasia Hills in the Kamrup district 
of Assam. Tapping was commenced in 1898, and rubber has been produced 
for the market in every subsequent year. In any consideration of the 
results, it must be remembered that those in charge of these plantations have 
had to feel their way from the commencement : when they were started, little 
or nothing was known of the culture of Assam rubber : their whole career 
has been a history of experiment, much of which has proved absolutely futile, 
and hence the commercial results cannot be compared with those obtainable 
by others starting with their experience as a guide. It would also appear that 
the commercial element has not been allowed to enter into the management 
of these plantations suffSciently to make them an altogether safe guide for 
any one entering rubber culture with the question of profit solely in view. 
But, although this is the case, yet it is possible to obtain a large number of 
data from Mr. Coventry’s bulletin, and a very valuable note appended to it 
by Mr. Eardley-Wilmot, Inspector-General of B'orests, supplemented by the 
experience in growing young rubber planfetions possessed by Mr. Bald. I 
do not intend here to discuss the details of Assam rubber culture, — these can 
be obtained from the pamphlets themselves, — but to indicate in some measure 
what appear to be, so far as one can tell, the commercial possibilities of 
growing Fkus elastica^ based on the data supplied by our authors. The 
factors which will determine the practical success of Assam rubber may 
perhaps be set out as follows : — 

(1) The initial or capital cost of fornling a rubber plantation and 

bringing it into bearing, 

(2) The age at which the will ''commence to yield* 
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(3) The yield which niay be expected per tree and per acre. 

(4) The cost of working a bearing plantation, collecting the rubber, 

and placing it on the market. 

(5) The value per pound of the rubber produced. 

(6) The permanency of the plantation. 

The initial or capital cost of a rubber plantation cannot be judged, 
as Mr. Eardley-Wilmot justly remarks, from the experience on the Govern- 
ment plantation, seeing their essentially experimental character. The actual 
amount expended on them, however, appears to have been Rs. 72 per acre 
(Bald), and this takes no account of the rent of the land or interest on 
capital, both or which factors must of course be considered in any estimate 
of capital charges. Mr. Bald estimates this cost (again excluding rent, 
interest and expense of management) at Rs. 50 per acre. The only other 
figure of any value which has come to my notice is contained in a report of 
the Assam Valley Rubber Estates Go., Ld., where, when the oldest part of 
the plantation was seven years old, practically Rs. 40 per acre. had been 
expended on the whole thousand acres then planted. But it is obvious that the 
actual cost will vary very much according to the conditions under which a plan- 
tation is put out. Considered as a bye-product to tea culture, the management 
and supervision would generally be paid, in the first instance, simply by a 
commission on each successfully planted area to a man already on the spot. 
If the concern is to run as a separate venture, naturally the cost of manage- 
ment is enormously increased, but a much larger area can be put out in a 
much shorter time. If we neglect this item for the moment, there remain 
to consider the rent, the cost of preparing the land, the expense of maintain- 
ing the plantation till it begins to yield, and the interest on the money 
expended during the waiting period. 

In the tea districts of India waste land can generally be obtained for 
special culture on a thirty-year lease at an annual rent rising from nothing in 
the first three years to one rupee per acre in the last five years of the lease. 
No doubt many tea companies possess fee-simple land, and others waste land 
which they are compelled by circumstances to hold, but which they cannot 
use for tea. In these cases it is perhaps possible to ignore the item of rent, 
but in all others at least 8 annas per acre per annum must be put down on 
this account till the rubber comes into bearing. What this length of time 
will be, we will farther discuss later. For the moment, let us place it at 
fourteen years, and hence the rent during this period at Rs. 7* 

The cost of preparing the land is placed by Mr. Eardley-Wilmot at a 
inaximum of Rs. 20 to Rs. 30 per acre, if forest land be used. Ihe later 
part of the Tezpur plantings is said by Mr. Bald to have cost Rs. 35 per 
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acre np to date, or deducting Rs. 10 for plants, the cost of preparation and 
maintenance np to the present, would for this area be about Rs. 25. Mr. 
Bald himself places the cost of preparing the land, obtaining the plants, and 
tending the plantation till in bearing at eleven or twelve years old, at 
Rs. 50 per acre, which may perhaps be taken as a fair allowance under the 
most favourable conditions. If the time of yielding is delayed, naturally 
the cost will be greater, and at this stage the increased amount should not 
be placed at less than Rs. 3 per acre per annum, or a total of Rs. 56 per 
acre, if fourteen years be taken as the time to elapse before tapping is 
commenced. This low rate can only be hoped for, however, where the labour 
is already on the spot and available at any time. 

This amount includes the necessary cost of the plants, which will 
vary nevertheless with the method of preparing them for planting. The 
approved method in Tezpur is to plant seedlings not less than ten 
feet high during the rainy reason. To obtain such plants, it is, according 
to Mr. Coventry, necessary to germinate the seed in beds till one to two 
inches high, plant into nursery beds where the plants stay for a year, 
transplant into stockaded nurseries in the forest for another year, and then 
put out into their final position. Mr. Bald does not consider that all this is 
needed, and puts out the rubber at five feet high into its final position. I am 
informed, however, that in the young gardens of the Jorehaut Tea Co., the 
big plants have done much better than the smaller ones, and this would 
indicate that the Tezpur method is the best. Most authorities agree that 
seedling plants so obtained ultimately produce the best trees, but recently 
a good many experiments have been made in planting out ‘gooties’ or cuttings 
rooted on the tree before removal of the branch. Mr. Bald apparently 
strongly advocates this method; Mr. Coventry speaks with considerable 
caution. There is no doubt that large .rooted plants can be quickly obhiined 
by this method, and apparently two years saved in the growth of a plantation, 
but it seems that such plants are liable to stand still for a very long time 
before commencing vigorous growth. They .are also said not to produce aerial 
roots, hut this is quite disproved by Mr. Bald. There is furthermore a 
tradition that the amount of rubber yielded by such plants is always verv 
small, but I have sought in vain for any reliable evidence of such being the 
case. On the whole, it may be said that at present it seems risky to trust 
to ‘ gooties and it is quite possible that the two years apparently so saved 
may not be a real gain at all. The matter, however, remains extremely 
doubtful. 

If seedlings be used and planted X6 to 20 to the acre, Mr. Eardley 
Wilmot places the cost of plants ten feet MghatBs, 20 per acre— undoubtedly 
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a very high estimate. There seems too almost a consensus of opinion 
that more plants than this should be put in an acre. Mr. Bald recommends 
35 feet apart triangularly, or 41 plants to the acre. Mr. Eardley-Wilmot 
is inelined towards closer planting than has been customary at Tezpur, 

and one new plantation at least has tried where the plants are only 20 feet 

apart. The whole question is very uncertain, for the Tezpur experience, and 
this alone, has rather told in favour of wide planting. There it has been 
stated that the yield was proportional to the lateral spread of a tree, but the 
evidence for this statement is very unsatisfactory. In any case Rs. 20 per 
acre ought to be sufficient to cover the cost of plants. 

The expense of maintaining a plantation till it reaches a yielding stage 
might possibly be reduced, as suggested by Mr. Bald, by growing catch 
crops on the land, but whether this is possible or not, there is no present 
evidence to show. 

Thus planted out in the fashion approved by our authors, and excluding 
cost, management and supervision, the expenses of bringing a plantation 
into bearing would be approximately as follows 

Bent of iand under 30 years* lease for fourteen years ... Rs. 7 

Cost of preparing, planting and maintaining till in 
bearing (14 years), labour being always available ... ... „ 56 

Cost of plants ... . ... ... „ 20 

Interest on Rs. 83 for say ten years at 6 % ... „ 50 

Thus we have a total of Rs. 133, without considering the cost of manage- 
ment and direction at ail. It is evident, therefore, that Mr. Bald’s estimate 
of Rs. 150 in all is not above the mark, but probably considerably below it, 
unless such a rubber plantation can be run in connection with an existing 
tea or other estate. 

It will be seen, however, that the whole of the above argument is 
aflfecfced in the most serious manner by the doubt as to the length of time 
required to bring the plantation into bearing. We have calculated on 
fourteen years, but the Government plantations were only tapped at twenty- 
five years old. If this delay be a necessity in Forth-East India, it places 
the culture we are discussing out of court as a practical question except in 
special cases. But fourteen years appears to be the normal time in Java. 
Mr. Bald, on evidence which he does not quote, expects a yield in eleven to 
twelve years, but does not expect full yields till the trees are fifty years old. 
Mr. Eardley-Wilmot thinks that by planting more closely a yield could be 
obtained at 12 to 14 years. Most of these figures are guesses so far as North- 
East India is concerned, and certainly any calculation should not be based on 
an earlier yield than fourteen years. 
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“ Tlie yield of the Assam plantations/’ says Mr. Eardley-Wilmot,. is 
extremely small ; wa read that in Java on a plantation of 72 acres, on which 
were planted 5,200 trees, tapping commenced at 14 years of age, and that 
after 7 years’ work the outturn per acre per annum was 71 lbs. of rubber. 
At Oharduar the outturn of 23 to 25 years old trees is about one-sixth of this 
amount, and this justifies further enquiry as to the method and recurrence of 
tapping operations.” This statement contains absolutely all that there is to 
say about the known yield of cultivated Ficm eladiea in North-East India. At 
Oharduar, it is found that tapping can only be done every third year, and 
each time only two pounds of rubber per tree are obtained on the average. 
The largest yield per tree last year was 7 lbs. 15 ozs. The yield, too, does 
not seem to be increasing in successive tappings of the same area (after the 
first). An estimate was made many years ago that 10 lbs. of rubber should 
be obtained from every mature tree in every second year, but nothing like this 
has been or seems likely to be obtained in the Assam plantations. If it 
were, as Mr. Bald remarks, the yield of a plantation, planted as he recom- 
mends, it would be 205 lbs. of rubber per acre in alternate years — an amount 

as yet never approached in India. 

The question of yield, most vital as it is, seems to be the most doubtful 
in connection with the Assam rubber plant. A thorough, careful, close 
investigation is emphatically needed as to the best methods of tapping and 
the resulting yields. The present tools used, though a great advance on the 
older method of cutting with a dao^ are clumsy and unsatisfactory indeed. 
The method of allowing the rubber to congeal on the cuts is also very 
unsatisfactory. The best time of year for tapping seems quite undetermined, 
both as regards yield and quality of rubber. In view of the very great 
improvements in tapping other rubber trees in the last five years, and the 
extremely crude character of the V-shaped gouge used at Tezpur, we 
cannot consider the figures for yield to have any finality whatever. This 
is felt by Mr. Eardley-Wilmot when he says It is possible that the 
vitality of the tree suffers from the removal of such a large percentage 
(about 4 per cent.) of its bark daring each tapping operation, and that 
this, and not so much the flow of latex, rentiers yearly tapping impossible. 
This is a subject on which more knowledge is required.” The method now 
in use for cutting the trees is shown in Plate XXVIIL 

Altogether we may say that if the present Tezpur yield only is obtained, 
the culture of Fieus elastiea is not and cannot be made a commercial success : 
there are strong grounds, however, for believing, in view of results in Java 
and the Malay States, that' with an;impro?ed system of tapping much 
larger yields can be obtained, even three or four times the present amount. 


PLATE XXVIII. 



*hoto.- Mechl. Dept., Thoinasou College, Roorkee. 


E. M. Coveutry, Photo, 


METHOD OF TAPPING. 

(Reproduceci from Forest Bulletin IV of 1906.) 
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ine cost ot mamtamiog the Tezpur plantation, collecting the rubber, 
and placing it on the steamer at Tezpur, amounted to 6 annas 10 pies per 
pound of clean rubber in 1904-05. This, of course, allows nothing for 
management^ or rent. The cost per acre of bearing rubber-~as SOlbs. per acre 
tapped once in three years were being obtained—would hence be Rs. 4-4-4 per 
annum. In that year Rs. 2-11 per pound was obtained or Rs. 26-14 per 
bearing acre, the nett return being therefore Rs. 22-9-8 for this area. This 
is, of course, a very minute profit when the cost of management and the i*ent 
are subtracted. Judging from Mr. Bald’s estimate, it is not likely, however, 
that the cost of winning here set out is likely to be decreased materially. 

We have now to consider the value, present and prospective, of the 
1 libber produced from the Ficus elastica. It is well known that it has never 
approached the value of the best Para, and according to the most reliable 
infoniiation it is not likely to do so for the simnle reasnn nnf. 


manipulation, which is probably the case. Young trees, too, ai’e very apt to 
give a rubber containing more resin than old ones, and of course all the 
plantation trees are young ones. On the market Assam rubber always 
obtains a lower price than Para, generally about from sixpence to one 
shilling per pound less. Being an inferior article, it must be remembered 
that supposing in the future the supply overtakes the demand, the poorer 
rubber will be the first to suffer. This danger at present appears somewhat 
remote, but cannot be ignored in dealing with a product which will only 
come into bearing at the earliest in twelve to fourteen years. 

Only one point remains. What is the probable age to which a plantation 
regularly tapped will last ? It is well known that the tapping methods 
hitherto in use in the jungle have killed out almost every rubber tree in the 
Assam Talley, in Sikkim, and in most of the lower hills surrounding North 
Bast India. It has also been found at Tezpur that annual tapping of 
the same tree causes, a rapid decrease in the amount of rubber obtained. 
Thus fifty trees were tapped each year between 1898 and 1901, and 
the yields were respectively 551* lbs., 42;^ lbs. and 14|- lbs., or a reduction 
of nearly 75 per cent, in the third year. In another case the old cuts 
were re-opened, and fifty trees then gave, in three successive years, 
43 lbs., 35| lbs. and 24 lbs. respectively, or a reduiution of nearly 45 per cent. 
In fact, at Tezpur it has been found necessary to tap the trees only in every 
third year, if the yield is to be maintained* How far this is due to the 
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' iiietliod of: tapping,: and liow far.it represents what would always, be the' ease 
with this tree are, at present, quite unknown, though they are vital questions 
to any possible industry. So far as we know it may be said, therefore, that 
annual tapping quickly ruins the trees ; that tapping every second year 
may or may not be possible ; and that tapping every third year may be 
carried out without danger to a plantation. 

What then is the result of our discussion, on the basis of the data 
supplied by Messrs. Coventry and Bald, into the commercial possibilities of 
Assam rubber culture in North-East India ? The first feeling on rising from 
a perusal of the pamphlets is one of disappointment. The prospects are so 
doubtful, and even if successful, so poor as compared with the culture of 
Para or Castilloa rubber in Oeylon, the Malay States, or even South India, 
that one is inclined to consider any large extension of the culture of Fims 
in North-East India as out of the question. And I must say that 
this impression has been very strongly confirmed by almost all that I have 
seen in these districts, if the Assam rubber is to be cultivated as a separate 
industry. On present evidence the length of time which it is necessary to 
wait for returns, the smallness of the returns when they are obtained, the 
doubt as to the market fifteen to twenty years hence would seem to make 
investment in Assam rubber culture, as a separate venture, a very doubt- 
ful speculation in North-East India at any rate. I do not see how, at the 
rate of outturn obtained now at Tezpur, more than Rs. 15 to Rs. 18 per acre 
profit could be obtained per annum ; and even if this were multiplied by 4, 
it would hardly be attractive enough to induce an investor to wait over 
twenty years for the result. In fact, the only possibility of Fims elmtka 
culture would seem to be as a bye-product to tea culture, on land now 
waste and unsuitable for tea. In this case, the growth of Assam rubber 
may afford a means of turning land to profitable account which could 
otherwise only remain useless to its owners. It may be that future dis- 
coveries with regard to improved methods of tapping, new methods of 
growth, means of tapping the plants annually without injury, or of growing 
a larger number of healthy heavily-yielding plants on the same area, may 
alter the opinion above expressed. But as it stands, and with the data before 
us in the two pamphlets under review, I feel that no other conclusion is 
possible than that Assam rubber culture can only continue as a dependent of 
another larger and more profitable industry, and then can only occupy the 
inferior land. 


HOTB.—The plates illustrating this article are repredueed. with the permission of the 
Inspeotor-Oeneral of Forests, from Forest Bnlle^n Mo* 4 of IPS* 
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Ihe Production of Wheat in India. — The final memorandum on the 
Indian wheat crop of 1906, issued by the Director of Commercial Intelli- 
gence, states that this year’s crop of 8,560,000 tons is the second highest 
on record and falls short of only one recorded year, 1904, when 9,641,000 
tons were produced. It will be seen from the following table that nearly 
75 per cent, of the wheat grown in India comes from the Punjab (including 
the North-West Frontier Province) and the United Provinces of Agra 
and Oudh. 


Province. 


Punjab 

United Provinces 
0. P. and Berar 
Central India ... 

Bengal 

North West Frontier Province 

Bombay (including Native States) 

Bind (including Native States) 

Kajputana 

Eastern Bengal 

Hyderabad 

Mysore' ' 

Total 


Yield (in tons). 


3,510,300 

2,428,700 

827,800 

418.000 

400.000 

279.700 

270.700 
193,100 
141,500 

50.000 
40.400 

140 


Average of preceding 10 years. 


6,683,080 


In the Punjab the outturn has been half a million tons higher than the 
previous record crop of 1904. 

The extent to which the 1906 crop was irrigated in the three chief wheat- 
growing provinces is shown in the next table — 


PRO'VrNOB, 

Area (in acres). 

Percentage of 
area irrigated. 

Irrigated. 

Unirrigated. 

Total, 

Punjab 

United Provinces ... 
0* P* and Berar ... 

4,615,400 

3,668,453 

18,738 

3,956,700 

2,699,040 

3,003,440 

8,572,100 

6,367,493 

3,022,178 

■ 54 

58 

0*62 
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Althongb the extension of canal irrigation in Northern India will no 
doubt increase the percentage of iringated wheat and tend to secure the 
wheat crop as far as internal consumption is concerned, EeveFtheless it is 
extremely probable that the export of Indian wheat will contiiioe to depend 
largely on the distribution and amount of rainfall at sowing time and 
during the growth of the crop. 



The exports of Indian wheat to foreign countries by sea during the 
last five years are now given, the figures for the crop of the present year 
being not yet available — 

Year. Export (in tons). 

1901 - 02 ... ... ... ... ... 366,091 

1902 - 03 ... ... ... ... ... § 14,607 

1903 - 04 ... ... ... ... ... 1 , 295,566 

1904 - 05 ... ■ ... ■■ . ■ ■...■ ' ... 2 , 150,025 

1905 - 06 ... ... ... ... m7,m 

The importance of India as a source of supply of wheat for European 
consumption has only been recognised in very recent years. Thus Sir 
William Crookes in The Wheat FroMem (published in 1899) does not 
include India in his table of the contributory areas of the world^s wheat 
crop of 1897-98, but makes the following reference thereto in a footnote 
to the table in question Outside the better known areas of wheat 
supply, a certain proportion of wheat comes from India, Persia, Syria 
Australia and North Africa. But it is impossible to get accurate figures 
as to acreage and yield from these countries ; as bread eaters derive less 
than one per cent, of their supplies from these outlying sources, it is 
convenient to call the ordinary areas ‘ contributory areas/ and to deal with 
the external areas no further than to show the volume of imports yielded 
from year to year,” 

That the prophet is always at the mercy of events is well illustrated 
by comparing the following reference to India in this work and the figures 
given in the table below : — ^^The enormous acreage devoted to wheat in India 
has been declining for some years, and in 1895 over 20,000,000 acres yielded 
1,85,000,000 bushels. Seven-eighths of this harvest is required for native 
consumption, and only one-eighth on an average is available for export.” 

Aeea Am YimD of WuEAr m Ixuia, 


Area (in acres), 


Yield (in 


Average of preceding 
10 years. 


Average of preoediiig 
10 years. 


24 , 174,500 


319 , 288,000 
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for area and yield have been largely exceeded in subsequent years, and 
with the extension of canal irrigation in the North-West are likely to be 
still further exceeded in the future. Moreover, in the record year of 1904-05 
the wheat exported from India by sea amounted to 80,200,000 bushels, 
while the average export of the last five years has been 40,000,000 bushels^ 
nearly twice that indicated as the maximum possible export by Sir William 
Crookes. The author of Tlw Wheat Problem has omitted to consider the 
importance of India as a source of supply of wheat for European con- 
sumption. Instead of the minor position accorded to India in this respect 
by Sir William Crookes, it is evident that India already takes a high 
place in the world’s wheat-producing areas. Coming to the well-known 
remedy suggested by Sir William Crookes for averting the wheat famine we 
are to expect during the present century and for increasing the production 
of the wheat-growing area, namely, the use of artificial nitrate of soda as a 
manure for wheat, it is difficult to see how this panacea can be made use of 
by the Indian cultivator. Even if the ryot could afford to buy this manure? 
it is doubtful whether it should be applied to Indian soils in view of its 
deleterious effect on the physical condition of the soil and to the uncertainty 


The Mixtube oe Wheat Vakibties in India. — The wheat fields of 
India usually contain more than one variety of wheat. In some cases, as 
many as twelve different sorts can be found even on a cursory examination 
of the ripe standing crop. The samples of threshed wheat in the markets 
and mills are also mixed, as well as those sold to merchants for export to 
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This question of the mixing of varieties is of considerable importance in 
experimental work and on farms where wheat is grown for purposes of see<l 
distribution. Field experiments with wheat, such as manurial eulti%^ation, 
and variety testing experiments, should obviously be carried out with the 
varieties pure. If this precaution is not observed, errors are bound to creep 
in through one of the varieties getting the upper hand and thus altering 
the proportions of the mixture. In seed distribution it is clear that one of 
the principal objects of the work will be lost unless pure types are given to 
the cultivators. In all these cases not only must pure seed be sown, but 
also the land in which the wheat is planted must be free from foreign seed. 
In most parts of India except the Punjab and Sind, the wheat grains from 
previous crops are almost bound to germinate and to be destroyed in the 
summer unless there is almost a total failure of the rains* In the drier 
regions, however, it would appear possible for wheat to be carried over from 
the previous crop. It would be interesting to see whether this is a real 
danger or not. The point could easily be settled by leaving portions of 
wheat land in these tracts uncultivated during the summer till the next 
sowing period when they could be ploughed up, irrigated and left unsown so 
as to determine whether any wheats appear.. , ^ - - 


'Europe. . This admixture' is. doubtless largely due to the methods of thresh- 
ing: and storage , and" to the fact that much of the seed for the 'next crop is 
bought in the market from the grain dealer and not saved by the cultivators 
themselves. . 

In the drier districts of the Punjab, it is possible that other causes may 
be at work, which would partly account for the admixture of types. 
During harvest time vast numbers of ants are to be seen busily carrying 
wheat grains into the ground, and it is possible that some of these grains 
may be brought to the surface when the land is cultivated for the next rabi 
crop and give rise to nevr plants. Some wheat also remains on the ground 
after reaping, which, in view of the small summer rainfall, may escape 
germination and form part of the next wheat crop. As an example of the 
small amount of summer precipitation in these regions, the rainfall of 
Lyallpur from May to October for the years 1899 to 1903 may be quoted 


May 

June 

July 

Aupa^st 

September 

October .. 


Inches. 

-55 

MO 

2-65 

M8 

2-2 

-17 


MOTlS. 
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it IS simpie to rree a variety of wheat from other types when the plants 
e ripe at harvest time. The foreign sorts can then be detected with great 
se and can be gathered by hand and separated before the plot is reaped, 
is more difficult to do this after the wheat is cut, and quite impossible to 
so when the grain is threshed. It is true that red and white, hard and 


EM>s IN Punjab Wheat Fields,- — The importance of leguminous 
plants in wheat-growing has been recognised in practice from the earliest 
times. It was known that the growth of these plants in some way enriched 
the soil for the subsequent wheat crop, but it was not till late in the last 
century that a scientific explanation of the part played by the leguminous 
crop was forthcoming. It was then recognised that the bacteria in the root- 
nodules of these plants are able to make use of atmospheric nitrogen for 
the leguminous crop and also to leave a considerable store of nitrogenous 
manure for the succeeding crop. 

The Indian ryot has not been behind Western practice in this respect, 
in all the important wheat-growing districts of India, except the irrigated 
districts of the Punjab, we find that the practice of growing leguminous 
crops on wheat lands is universal In the United Provinces the commonest 
rotation of all is for wheat to follow a Kharif crop of the preceding year, 
juar^ hajri or cotton mixed in most cases with arhar or a creeping pulse, 
e.g., urd (Phaseolus radiatus) or with both of these. After wheat it is 
almost universal to take a mixed Kharif crop containing arhar or a creep- 
ing pulse or both,” (Moreland). In the Central Provinces, “in kanhar 
and kabar soils wheat and gram as a mixture are grown year after year 
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which serves the purpose of a rotation. In morund and certain other classes 
of soils, Kharif and Rabi crops are rotated in places where wheat can be 
grown. Generally, when they have a rotation, wheat is grown after gram? 
masnr (^Ervum lens) or teora {Latkjjrus sat mis) (Gaskin).'^* In Bengal 
wheat is generally sown mixed with gram and a little linseed. After two 
or three years a crop of peas is taken.” — (D. X. Mookerji).'^ 

On the other hand, in the important irrigated wheat districts of the 
Punjab, we find that wheat is grown on the same land year after year 
apparently without any great diminution in the fertility of the soil The 
wheat-gram mixture has not proved a success on these lands, as the two 
plants differ in their water requirements. How then is the fertility of these 
soils kept up under successive wheat crops and without the use of manure 
or the fertilising effects of leguminous crops ? That nitrogenous manures 
are not needed is seen by the dark green colour of the leaves and the 
general vegetative vigour of the wheat crops. That the land was not virgin 
soil in the ordinary meaning of the term is clear when we remember that 
these lands were desert wastes with little vegetation and therefore small 
accumulations of organic matter. Whence do the large wheat crops 
derive their nitrogenous manure ? Apparently the answer is to be found 
in the leguminous weeds which thrive so luxuriantly as a bottom growth in 
the wheat fields of the Punjab. 

There are three common leguminous vreeds in the Punjab wheat fields — 
(1) yellow flowered senjhi {Melilotus indim)^ (2) white flowered senjhi 
(Jitfelilotus alhd)^ and (3) a creeping clover-like plant with curious curved 
pods {Medicago dentioulatd)^ These three plants also grow and seed freely 
on the banks of the water channels, and are very probably distributed by 
the irrigation water. In the wheat fields they ripen their seeds and dry up 
by the early part of April before the wheat is cut and thus give no trouble 
at harvest time- At flowering time in March, their roots are covered with 
nodules. Their general vigour shows that they are admirably adapted for 
bottom growth with wheat. 

It would appear, therefore, that these weeds confer on the soil ot the 
irrigated wheat lands of the Punjab all the benefits of a leguminous rotation, 
and supply the nitrogenous manure required by the wheat crop. In this 
respect, the wheat-growers of the Punjab seem to be specially favoured by 
circumstances, as they are able to obtain all the benefits of leguminous crops 
without any trouble or expense and without the diminution of wheal 
output entailed in the usual rotations practised on wheat lands in other 
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parts of India. Iso difficulty would be experienced in obtaining seeds 
of these leguniinous plants. They grow and seed freely among the 
wheat in waste places and on the banks of the water channels. Yellow 
flowered .^enjhi mixed with the other two weeds is grown as a cold 

weather fodder crop in the Punjab and sometimes left to ripen for seed 
purposes. 

lixperimental evidence regarding the fertilising value of these plants 
would be of the greatest interest. The produce of land under wheat alone 
compared with that of an equal area under wheat mixed with these legumin- 
ous w'eeds could not fail to be of value. The difference in yield may not be 
great for a few years, but after a time it is likely that the influence of the 
leguminous crop in increasing the fertility of the soil would be apparent. 
The experiment would present some difficulty, as it would not be easy to get 
rid of the senjhi seeds in the ground in the first instance, and the irrigation 
water for the 5^??;A/-free plot would have to be filtered, so as to remove 
floating seeds. 

The weeds growing on the banks of the water channels in the irrigated 
districts of the Punjab are not all useful. Several are distinctly harmful, 
and their seeds are freely distributed with the irrigation water over the 
wheat land, when they thrive vigorously. The two commonest of these 
weeds are (1) Ghenopodium alhiim^ a tall annual weed, dai’k-green at harvest 
time and standing out in strong contrast with the ripe wheat crop, and (2) 
Asphodehis Jhtulosus, a dwarf plant with a tuft of onion-like leaves belong- 
ing to the lily family. It is probable that if steps were taken to keep the 
banks of the water channels free from these weeds, their number would be 
considerably diminished. Badly infected land might easily be cleared during 
the summer by irrigation, so as to cause the seeds to germinate, and by 
subsequent cultivation to destroy the resulting seedlings. In addition to the 
destruction of weeds this cultivation wonld no doubt benefit the soil. A 
^similar principle is adopted in England to clean foul stubbles in early 
autumn. — (A. Howard). 

^ ¥i 

Ihbioatioh Wblus in the United Pbovinces. — The recent drought 
in the Southern districts of the United Provinces gives renewed interest 
to this subject ; in many cases the wells failed wholly or partially during 
last hot weather, and the supply was insufficient even for domestic pur- 
poses, leaving irrigation out of account. It is now an established fact that 
m aZZwgV.m the supply in spring wells can be increased in very many 
cases by the simple and rapid process of putting a bore through the bottom 
of the well down to the next lower spring. To give one case out of many on 
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record, in the Ghazipiir district a well. that . was formerly exhausted in three 
hours by one pair of cattle was bored to an additional depth of 44 feet, at a 
cost of Ks. 37, and can now be worked continuousiy all day by two pairs of 
bullocks, thus increasing: the supply at least eightfold for a nominal 
expenditure. 

Operations of this nature have been carried out systeimtieally and with 
success by Mr. T. Martin, a planter of Khorason in the Azamgarh District ; 
to facilitate his work, he invented a special tool, now known as Martin’s 
patent sludger, which, after exhaustive trials, has been adopted by the United 
Provinces Agricultural Department as the standard tool, both for boring in 
existing wells and for locating sites where wells can safely be built ; with 
its aid, and a man trained to work it, few landholders in the spring-well 
tract of the alluvium need fear a water-famine under any conditions that are 
likely to arise* 

It is greatly to be wished that some equally simple means could be 
devised of increasing the supply of water in wells sunk to the rock, where 
the risk of a water-famine is so often present. This subject has been studied 
in much detail by Mr. E. Molony of the Indian Civil Service, and the con- 
clusion appears inevitable that in this case there is no royal road to success 
as there is in the alluvium. The most hopeful method is to bore a hole 
several feet deep at the bottom of the well and explode a heavy cdiarge 
of dynamite in the bore. This measure shatters the rock round about 
the bore, and thus brings it into connection with adjoining cracks 
and fissures ; but whether those cracks and fissures contain enough 
water to make the operation a success can be determined only by the result, 
and if an increased flow is not obtained at the first attempt, there is nothing 
for it, but to bore deeper and repeat the process until either a sufficient 
supply is obtained or the well is given up as hopeless. 

Much information on this and on other subjects connected with wells 
will be found in the Manual of Irrigation Welh^ which has been prepared by 
Mr, Molony, and will shortly be published by the (Jovernment Press at 
Allahabad. — (W, H, Moreland.) 

Aobioultoeal DiSMONBTEATiON IN Bombay. — Special arrangements 
have been made by the Bombay Department of Agriculture to demonstrate 
to cultivators in the Nira canal tract soma of the successful results of 
experiment work at the Manjri (Poona) Agricultural Station. These 
demonstrations, which will be conducted by an overseer of the 
department, will be mainly ' limited to; the use of oilcakes as manures 
for sugarcane cultivation and to the cultivation of finer herbaceous 
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varieties oi cotton under irrigation, in both of which matters succ 
results on an experimental scale have been secured at the I 
iarm. The overseer will distribute free of charge, and show 
method ot applying, oilcake manures in the sugarcane fields of se 
cultivators ; he will also cultivate irrigated cotton on land rented from 
vators, so as to demonstrate the necessity for the avoidance of over-irrig 
which is very injurious to the crop. A considerable expansion of this 
oi demonstration work, which is necessary in order to introduce succ 
experimental results into general agricultural practice, may be anticipai 
the f uture, with the increasing number of agricultural stations and the 
careful supervision of their experimental work.— (F. a. Sly.) 


IHE XNTEODUOTION OF THE PkRSIMMON FrUIT TeEE INTO NoETHEEN 
India. This fruit tree was first introduced into the Saharanpur Gardens in 
1889, in which year a consignment of young plants was received from 
Florida. A further consignment, consisting of eighteen plants, was received 
from Japan in 1890, which was distributed between the above gardens and 
those of Lucknow and Lahore. A third importation was made in 1891, 
when twenty plants were received from Japan and planted out at Saharan- 
pur, Simla and Mussoorie. In the following year thirteen plants were 
received by the Lucknow Gardens, and the last importation, consisting of 
thirty plants, was received at Saharanpur in 1899. 

The earliest record of fruit is at Saharanpur in 1894, when one tree 
yielded a slight crop ; but it was not till 1898 that the trees generally came 
into bearing. Since that date, with seasonal fluctuations in quantity, they 
have fruited regularly. 

This plant is a conical shrub some 10 feet in height, and shows a 
partiality for moderately light and sandy soil. The deciduous leaves fall in 
November, while the pendent fruit remains hanging on the bare tree till 
December. These, being a bright red, are very conspicuous and are eagerly 
|>rey6d upon by bats and flying-foxes. It is, therefore, necessary to cover 
the tree with a net in November and December. The fruit ripens in 
December and early in January, and in appearance is most nearly comparable 
to a large conical tomato, but in consistency the flesh is soft and uniform and 
of a very delicate flavour. 

Propagation is, in Japan, commonly effected by means of grafts. As, 
however, the plants which originally' fruited in Saharanpur were all of 
seedless varieties, some other means of propagation or some other stock on 
which to graft had to be found. All efforts to propagate by layers and 
cuttings proved ineffectual, and attempts at grafting on seedlings of the 
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Indian species of Diospijros failed. In 1899 seed was imported from Japan, 
but the plants grew very slowly, and it was some years before the seed- 
lings were sufficiently large to be grafted upon ; though the graft takes 
readily, this slow growth of seedlings is a severe impediment to their 
successful adoption as a stock. In 1903 seed of the Amlokh^ a deciduous 
species of Diospyros^ was obtained from Kashmir. These seedlings have 
thriven well and grown rapidly, and the persimmon can be grafted upon 
them with ease. — (H. M, Leake). 


Strawberries at Shillong. — Tw^enty varieties of strawberry have been 
under trial at the Government Fruit Garden at Shillong, of which one was 
obtained in 1902 from the Saharanpur Botanical Garden, whilst the rest were 
imported in 1903 and 1904 from Messrs. Thomas Rivers & Son of Sawbridge- 
worth, Herts, and Messrs. Cannel & Co. of Kent, England. The variety obtained 
from Saharanpur, which grows more freely thaii any other, has been cultivated 
for many years in European gardens at Shillong, but always with a very dis- 
appointing result. The flowers appear in considerabie numbers, but very few 
eventually set fruit. The harries are borne singly on long slender stalks, in 
this respect being unlike the newly imported varieties in which a single stalk 
may hear half a dozen or more fruits. Among the new varieties, four, 
Louise Gautier, Aprikose, Givoz Late Prolific and Sir John Paxton, have 
succeeded well. Louise Gautier seems the most prolific ; its berries are almost 
white when unripe, assuming a faint reddish colour as they ripen, irregular in 
shape, and rather watery in taste. This variety is decidedly inferior in fla- 
vour to the other three, though in point of productiveness it easily comes 
first. Aprikose is a large scarlet fruit with a most attractive appearance. 
Givoz Late Prolific and Sir John Paxton bear fruits of medium size, of a 
deep scarlet colour when fully ripe, and of the usual conical shape. The plots 
under experiment being very small, no record has been kept of the actual 
yield of fruit obtained from each variety, but these four English varieties 
promise to be quite successful. The cultivation of the Saharanpur strawberry, 
the kind which has been known at Shillong for many years, was attended 
with so much disappointment that few people cared to grow strawberries at 
all Now that some good varieties have been introduced# it is hoped that 
this favourite European fruit will ' become popular among the gardeners of 
the station. Whether it will paj' people to grow this fruit for the local 
market is not yet certain. Strawberry cultivation will always be a more or 
less speculative business in the 'climate of Shillong^ A spell of wet weather 
in May, when the berries are ripening on llO' plants* may destroy a consider*" 
able proportion of the crop. Moreover, strawberry has u serious enemy in a 
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laE WOBURN i^RTjiT LxPERBrBNTS.— Repofts of fJie Woburn 
Experimental Fruit Farm, 1897 to 1905, by the Duke of Bedford, K.G,, and 
Spencer U. Picker mg, F.RS. Eyre and Spottiswoode, LonLn.^li is now 
ten years since the experimental station for the study of fruit culture was 
started by the Bake of Bedford and Professor Pickering at Woburn. 
During this period five reports have been published, the last of which 
appeared in 1905. Just as the Rothamsted experiments have proved of the 
greatest value and interest to both practical agriculturists and to scientific 
investigators engaged in experiment station work, so it is not too much 
to say that the Woburn fruit experiments will prove equally important to 
fruit growers and at the same time of great scientific interest. 

These experiments are very exhaustive, dealing with a large number of 
questions relating to the growth and management of fruit trees. Thev 


iiicxiiy iMiius uj. sDFa w oemes, ana on nusn irmts, sucn as goose- 
berries, currants and raspberries, the growth of numerous varieties of apples, 
pears and plums on different stocks, and demonstration plots. A detailed 
account of the experiments would extend over many pages, and the reader 
interested in this subject should consult the reports themselves which are 
interesting, not only as a record of careful work, but as an example of the 
manner in which the results of permanent field experiments should be 
presented to the public. The first portion of each report is intended more for 
the scientific reader, and deals with the details of the various experiments with 
illustrations where necessary, while the latter portion consists of a summary 
of the results from the practical standpoint. In this way, the reports can be 
read with profit by experiment station workers and also by fruit growers who 
have neither the time nor the means to deal with detailed experimental work. 

Some of the more remarkable and interesting results obtained at 
Woburn may be mentioned. The authors are careful to point out that these 
results are not necessarily of universal application, but are liable to consider- 
able modifications under other conditions of soil and climate, and where 
other varieties are concerned. First in importance is undoubtedly the 
negative result obtained with manures. Neither as regards vegetative 
growth nor fruit production did the various artificial and natural manures 
applied have any effect. Of hardly less interest is the harmful effect of 
grass on the growth and bearing power of young apples, pears and plums. 
The trees in the plots grassed down were found to be profoundly affected in 
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al] respects — they came into leaf earlier than the normal plots : their leaves 
turned an unhealthy yellow and fell prematurely ; the trees remained in a 
dwarfed and stmited condition ; the fruit borne on these trees was of small 
size and so diflfereiitly coloured from the normal that judges of aj>ples were 
unable to name them. These results were quite unexpected in view of the 
fact that many of the best of the older fruit orchards in England are under 
grass. Whether these results at Woburn apply only to ifoung trees, and 
whether the plots at present under grass will recover, are questions that will be 
discussed in future reports. The most interesting of the results obtained with 
different methods of planting are those in which trees were planted without 
any special care. It was found that the trees recovered from the ill-effects 
in a few years, and in some cases did even better than those planted in the 
usual manner. This result was found to be due to the development, in some 
cases, of an entirely new root system. Enough has been said to show that 
the results obtained at Woburn will well repay peimsal by all interested in 
fruit growing. — (A. Howard.) 


Soil BIoisture. — The movement of water in Indian soils has been the 
subject of experiments at different times, but very diverse opinions are still 
held even in regard to fundamental principles, sucli as the power of certain 
soils to absorb moisture from the subsoil water, the extent to which capil- 
lary action supplies moisture to the plant, the power of certain soils to retain 
moisture, and similar problems. Doubtless much of the difference of 
opinion is due to the very diverse soils which investigators have dealt with. 
In the case of the doah soils of the United Provinces, there seems a good 
deal of evidence to show that much of the moisture required to support a 
winter crop during the long dry season following the monsoon is supplied by 
the system under which the field is embanked, so as to retain all the water 
falling on it during the rainy season, the loss of water by evaporation being 
also checked by constant cultivation of the surface. 

The results shown in the table below were obtained by Mr. Har Narain 
Batham, Teacher of Chemistry at the Gawnporc^ Agricultural School, in 
some investigations made at my suggestion to test simultaneously the amount 
of moisture in fields receiving different treatment. 


Field No. 

Treatiaaiit, 

First 

Seooitd 

six ioobw. 

six iocbw. 

I 

Growing coltoa, not emlmiilced ... ' ; 


^ 5*1 

II 

Fallow, embanked so as to bold ui# all rata and saifiioe 
kept tilled. 

ISfot ©mbaukad, not otiltivated ... , ■ 

8*1 ! 

j 12*4 

in 

! i*? 

' 8*2 
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he estimation was made at the end of the rainy season about one 
month after any rain had fallen. Moreover, during this season there had been 
only 17 inches of rainfall as against the normal of 35 inches, so that it was 
particularly suitable to test the effects of embanking land. Further, a compari^ 
son of the effect of two fields sown with wheat, one carefully embanked so as 
to retain water falling on it, and one in which this had not been done, both 
fields being fallowed and cultivated during the rainy season, gave similar 
results in the estimation of moisture to those shown above. In the embanked 
field, there was sufficient moisture to give good germination and to support 
the crop for some time, whilst in the other field germination was extremely 
bad and irrigation had to be given at once. 

The above facts tend to show that in these soils with a water level at 
20 feet, capillary action is not apparently sufficient to replace water allowed 
to run off the surface, and that to a large extent it is the rainfall absorbed 
and retained by the soil from above and not the capillary rise from below, 
which so much assists in supplying the needs of the crop. In writing the 
above note, I do not wish to suggest that capillary action is of no value. 
It doubtless differs greatly in different soils, but I simply wish to record 
results which seem to indicate that the capacity of a soil to retain moisture 
and the power of a plant to descend and make the most of such water 
storage is a factor equally important if not more so than any capillary 
action. — (J. M. Hayman.) 


Soil Inoculation. — The results of experiments in soil inoculation by 
the Canadian Agricultural Department are given in the evidence of the Chief 
Chemist, Dominion Experimental Farms, before the Select Standing 
Committee on Agriculture and Colonization, 1905. Experiments were 
carried on for several years with cultures prepared in Germany and known 
as Nitragin,” which are reported in the Experimental Farm reports for 
1897-98-99, While it was shown that in certain instances the cultures had 
distinctly favoured the growth of the legume, the results as a whole were 
conflicting. The cultures, moreover, were found to be particularly susceptible 
to light and heat ; and under the best conditions their vitality could only be 
guaranteed for about six weeks from the date of preparation. There was 
not sufficient evidence to recommend this preparation for general use until 
further investigation and more satisfactory results showed that it was of 
practical utility. 

The new cultures prepared by Dr. Moore of the Bureau of Plant 

Industry, Department of Agriculture, Washington, have caused a consider- 
able re-awakening of interest in the possibilities of soil inoculation. It 
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is claimed for these cultures that by reason of special modifications in the 
method employed in their preparation, they are more potent and much less 
susceptible to unfavourable conditions than the German Mtragin. ’’ Pot 
experiments were carried out last year with cultures for red clover and alfalfa 
(lucerne), sterilized light sandy soil being used. The experiments gave no 
definite results, there being no general increase in the weight of the crop 
from the inoculated pots as compared with that from the iininoculated 
ones. It is possible that the sterilization of the soil introduced an element of 
uncertainty, and further experiments are being carried out on a larger scale. 
Meanwhile “ from our own experience we cannot report very favourably. 

Dealing with the question of the enrichment of the soil by the growth 
of legumes and the various means for securing a vigorous growth of the 
crop, the Chief Chemist expresses the opinion, based on the observed 
general, although not universal, presence of nodules on the roots of legu- 
minous crops, (a) that the necessity for inoculation is not so great as was 
at one time thought, (/;) that the existence of the legume nitrogen-fixing 
bacteria is by no means restricted to small or isolated areas, and (e) that 
failures in the past to obtain good clover crops are, in many eases, to be 
attributed rather to other circumstances, lack of moisture, bad tilth 
and the like than to the absence of nitrogen-assimilating germs. Never- 
theless, it is pointed out that excellent results have been obtained in some 
districts by inoculating soils which grow poor crops of legumes with 
soil from land which grows good crops. The directions for inoculating 
according to this method are : — Mix the soil containing the bacteria with a 
larger quantity of other soil ; the whole is then broadcasted over the area 
to be inoculated, which is at once thoroughly harrowed. 

Attention is called to the fact that the bacteria in the cultures are of 
direct use only to leguminous plants, and that benefit to the soil and to other 
crops can solely be obtained through the agency of ii leguminous crop.— 
(R. S, Pinlow.) 

The effect of change of cumatb on thk Juice of Suoaeoank.— 
One of the effects of transplanting sugarcane to another country or climate 
is, at times, a decrease in the richness of* the juice. This is not uniformly 
so. For example, canes called “ Wine coloured,” “ Vizianagram,” “ White 
Seema ” and “ Namali,” which were imported from the Bamalkota Agri- 
cultural Station to Pusa in 1904, have contained as rich juice in the new as 
in the former region. The percentage of cane sugar in the juice of these 
varieties as grown at Pusa has been iS'l and 25*4. Bnt in other cases 
the plant does not grow at first in the same perfect manner and two 
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Mauritius varieties may be instanced. These were imported by the Bombay 
Department (mfe Agricultural Ledgei^ 1896, No. 19, page 3) in 1894, the 
one a red thick and the other a white thick cane, and they had the reputa- 
tion of containing some 18^ of sugar in the juice. The red variety in 1896 
contained only 10% of cane sugar and 2% of glucose in the juice, whilst the 
white variety contained about 12% and 1*4% respectively. In 1897 they 
were analysed again, when the red variety yielded juice containing 12*7% of 
cane sugar and 1*5% of glucose, and the white variety 14* 71% and *99% 
respectively (Agricultural Ledger, 1897, No. 3, page 8). They were again 
tested at Poona in 1901, when the juice of the red variety contained 13% 
sugar and 2% of glucose, and the white variety 13*5 of cane sugar and 1*2% 
of glucose. Thus, whilst there was a fairly steady increase, it had not 
reached the supposed original standard in seven years. They were brought 
to Fusa in 1904 and have grown perfectly there. The red variety in the 
crop of 1905 contained 18*4% cane sugar and *5% glucose in the juice ; the 
juice of the white variety contained 21*1% of cane sugar and *3% glucose in 
1905. The effect of climate on juice is no doubt very considerable at 
times. — (J. W. Leather). 


I 


Eb^fect of change of climate on the amount of Oil m Linseed.--*- 
An examination of oil seeds from various Provinces of India, which was made 
in 1903-04, showed that some specimens of the same oil-seed contained much 
more oil than others. Linseed formed no exception to the general rule, and 
the Punjab Agricultural Department obtained specimens of six varieties 
which had proved to be rich in other Provinces. These have been cultivated 
at Lyallpiir in 1904-05 and 1905-06. The following statement shows the 
amount of oil in the linseed (a) as received at Ly all pur, (h) produced in 
1904-05 and (c) in 1905-06. 


Whiter from Cawnpore 44*62 41 *20 .5a au 

,, „ Khandesb ... ... 44*96 44*18 42*93 

,, ,, Damoh ^ 45*34 43*07 43*67 

Eed-brown, from Partapgarh ... 43*17 40*98 38*31 

Brown* from Oawnpore ... .. 42*06 40*97 39*43 

,, „ Sbolapur ... ... 41*13 40*42 38*82 

The net result seems to be a general decline in the amount of oil, though 
it is not very great. The Punjab varieties were found to be generally 
somewhat poorer in oil than those of other Provinces, and it may be that the 
climate has a definite influence on the amount of this constituent in the 

^ , ' ' '' ■ , 28 


(a) 

ib) 

(e) 

Original 

Crop of 

Crop of 

seed. 

1904-05. 

1905-06. 

44*62 

41*28 

39*90 

44*96 

44*18 

42*93 

45*34 

43*07 

43*67 

43*17 

40*98 

38*31 

42*05 

40*97 

39*43 

41*13 

40*42 

38*82 
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linseed. On the other hand, the Punjab oil seeds are not generally charac- 
terised by low percentages of oil. — (J. W. Leather). 

■ V •# 

■ ■ ■ . ^ # ■ ■ , ■ . . 

Calcium Gyahamibb. — I nformation regarding tlie value of tliis nitrogen- 
ous fertilizer continues to accumulate. During the past year, records of 
experiments with it Lave appeared from Rothamsfed and from some of the 
German Experiment Stations, and a resam4 of tliose iinderfaken at Srarburg 
and Breslau is found in the Journal of the Board of Agriculture. London, 
XIII, 1906, pages 33-43. At each station the same effect of the substance 
on the germination ^vas noticed ; if the seed was sown at the same time as 
the manure, germination was retardeil, whilst if a period of a couple of 
weeks is allowed from the date of the application of the niannre before 
sowing the seed, no retarding effect is noticeable. In the after-growth the 
effect of the fertilizer is nearly as great as that of nitrate of soda. The 
results of a second year’s trials at Rothamsted (Journal of the Board of 
Agriculture, London, XIII, 1906, pages 21G-218) with barley and mangels, 
have shown it to be practically equal to sulphate of aininoria, each of the 
crops growing to perfection. 

In some preliminary trials which I made of tbe value of this substance, 
the results last year coincided with the experience of others, the germination 
of the seed sown with the manure being retarded, whilst no such effect was 
noticed if a week elapsed between application of the manuring and sowing 
the seed. This year the cyanamide did not produce this result at all. The 
after-growth is apparently quite as good as when other manures are employ- 
ed. — (J. W. Leather.) 

■■■■■■■■■ 0 ^ 

# « ■ ■ , ■ , ■ ■ ■ 

The Potash Deposits of Gbkmany.— The Journal of tbe Board of 
Agriculture gives some interesting information concerning tbe potash 
deposits of Germany. These well-known deposits of potash salts, which are 
situated at Magdeburg, Anhalt, Hanover, Bninswick and Thuringen, were 
first discovered in 1839, but their agricultural value was only appreciated 
later, and a factory was built in 1861 at Stas.«furt for tbe production of 
potassium chloride. Since then the production has increased enormously. 
In 1885 the amount used for agricultural purposes was 1,375,000 cwt. ; 
in 1895 it had grown to 9,593,000 cwt., and in 1903 the corresponding 
figure was 20,836,000 cwt. It is calculated that the average amount of 
potash applied to the land in this form in Germany was 69 lbs. per 100 acres 
in 1890, and is now 392 lbs. per 100 acres. The exports have risen from 
9,215,000 cwt. in 1900 to 12,433,000 cwt. in 1904. The United States of 
America take rather more than one-half of this.— (J. W. Leather.) 
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Rubbbe Expehimbnts in Bombay. — In our last issue (page 263) we 
noticed the arrangements proposed for making tests of rubber-yielding plants 
in the Bombay Presidency. The Bombay Government has since published 
some further interesting papers concerning these trials. Mr. Coplestone, 
Deputy Conservator of Forests, was deputed to Ceylon to study the question, 
and his report gives some useful information. Dealing with the rubber- 
yielding plants tested in Ceylon, he summarizes his conclusions as follows ; — 
'‘(a) Though grows very rapidly and to a huge size, it is 

not considered a valuable rubber tree in Ceylon, and the Peradeniya experts 
have never recommended cultivating it. This Ficus grows to a far greater 
size and more rapidly than it does in Belgaum. 

(b) Castilloa is also unsatisfactory. The latex from it is very dilBScult to 
coagulate, and planters are not cultivating it to any extent. 

(c) The Ceara is also not generally cultivated now and is looked upon as 
a failure in Ceylon. The tree grows everywhere, and it spreads by natural 
seedlings and is easily propagated by cuttings. It yields excellent rubber, 
but usually dies off after tapping. It can only stand very light tappings 
with long periods of rest, so that the yield per tree seldom exceeds ^Ib. per 
annum. The general opinion in Ceylon is that the tree is not worth cultivat- 
ing. On the well-known Culloden estate at Neboda (Kalutara), all the Cmra 
trees were felled and removed to make room for Pam. 

(d) 4* (^) Kicksia and Fiintumia are not cultivated, and no rubber has 
been obtained from the specimens in the Peradeniya gardens. 

(/) Hevea Bmziliensis . — This is the only kind of rubber cultivated exten- 
sively in Ceylon. It is a hardy tree which will grow on any soil. It thrives 
even on steep, rocky hills, growing in the cracks between the gneiss rocks. 
It is also found growing well on ‘ Kabook,' a wretchedly poor gravelly 
iron soil, which is considered useless and even too poor for cultivating ragi, 
etc. Tho Pam stands any amount of tapping and will yield rubber conti- 
nuously throughout the year : the yield of a five-year old tree averages 1 ib. 
per annum, and this yield rapidly increases to 10 lbs. per tree, and some 25 
years old trees at Culloden and Heneratgoda were yielding 25 lbs. of rubber 
a year. 

The yields from Ficus elastica, Castilloa and Ceara are meagre in com- 
parison with that of Pam, and with such extensive plantations of Pam, 
w^hieh %vill be coming into bearing within five years time, the prospects for 
the former three species are pool’, and it appears that Para rubber will swamp 
the market and drive out the other three species/’ 


BIr. Coplestone next discusses the climatic requirements for the culti- 
vation of Para rubber. He states that it requires a moist, steamy climate 
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Trial op JJatal Wild Indigo.-- Two packets of seed of wild indigo 
(/nd. arrecta), obtained by the Inspector-General of Agrienltnre from the 
Natal Department of Agriculture, were tested at the Pasa Experiment 
Station. The seed was sown under irrigation on the 23rd March 1905. 
Germination was not satisfactory, but the plants grew thereafter with a fair 
amount of vigour, although in this respect they did not compare with the 
Java acclimatized plant, grown alongside under the same conditions. The 
quantity was too small for manufacture, but the following is the result of 
Mr, BergtheiTs analysis ; — 


of ludigotin in 


Leaf oontont of Plaafci 


Jam acclimatiamd 



NOTES. 


A New Institute of Commercial Eesbarch in the Tropics. — The 
objects of the Liverpool University Institute of Commercial Research in the 
tropics are given in the first number of its Quarterly Journal (January 1906) 
as follows : — 

1. Collecting and tabulating information regarding raw products, 
natural resources, trades, industries, and economic conditions which can be 
of service either to commerce or science. 

2. Studying the botany, zoology, geologj’’, ethnology, meteorology and 
physiology of tropical countries especially in their relation to the develop- 
ment of British commerce. 

3. Investigating all kinds of scientific problems which arise in connec- 
tion with trade and industry. 

4. Training experts in the various brandies of applied science 
concerned. 

0. Supplying scientific information and advice to all interested in 
commerce. 

Four departments have been founded, namely (1) Statistics, Applied 
Economy and Geography ; (2) Economic Botany ; (3) Economic Zoology ; 
(4) Economic Chemistry. — (A. Howard.) 
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